12 United States Patent
Li

US009719101B2

US 9,719,101 B2
Aug. 1,2017

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

(%)

(21)
(22)

(65)

(60)

(1)

(52)

(58)

SOYBEAN GAPD PROMOTER AND ITS USE
IN CONSTITUTIVE EXPRESSION OF
TRANSGENIC GENES IN PLANTS

Applicant: E I DU PONT DE NEMOURS AND
COMPANY, Wilmington, DE (US)

Inventor: Zhongsen Li, Hockessin (DE)

Assignee: E I DU PONT DE NEMOURS AND
COMPANY, Wilmington, DE (US)

Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 169 days.

Appl. No.: 14/637,517

Filed: Mar. 4, 2015

Prior Publication Data

US 2015/0267215 Al Sep. 24, 2015

Related U.S. Application Data

Provisional application No. 61/955,256, filed on Mar.
19, 2014.

Int. CI.

CI2N 15/82 (2006.01)

CI2N 9702 (2006.01)

U.S. CL

CPC ....... CI2N 15/8216 (2013.01); CI2N 9/0008

(2013.01)

Field of Classification Search
None
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

1/2001 Rice ....ooeevvvvnnnnnnnn, CO7K 14/415
435/320.1

6,177,611 BI1*

OTHER PUBLICATIONS

Potenza et al., In Vitro Cell Dev Biol Plant 40:1-22 (2004).*

Rossitza Atanassova et al., Functional analysis of the promoter
region of a maize (Zea mays L.) H3 histone gene In transgenic

Arabidopsis thaliana, Plant Molecular Biology, 1998, pp. 275-285,
vol. 37.

Jeremy Schmutz, Genome sequence of the palacopolyploid soy-
bean, Nature, Jan. 14, 2010, pp. 178-183, vol. 463.

* cited by examiner

Primary Examiner — Cathy Kingdon Worley
Assistant Examiner — Russell Boggs

(57) ABSTRACT

The 1mvention relates to gene expression regulatory
sequences from soybean, specifically to the promoter of a
soybean eukaryotic glyceraldehyde-3-phosphate dehydroge-
nasegene and fragments thereol and their use 1 promoting
the expression of one or more heterologous nucleic acid
fragments 1n a constitutive manner in plants. The invention
further discloses compositions, polynucleotide constructs,
transformed host cells, transgenic plants and seeds contain-
ing the recombinant construct with the promoter, and meth-
ods for preparing and using the same.

17 Claims, 12 Drawing Sheets



US 9,719,101 B2

Sheet 1 of 12

Aug. 1, 2017

U.S. Patent

» . . ' i i ' ¥ : * " " . " ' ’ ' : ¥ -
¥ " g “ J ' A ¥ * + ¥ » r ¥ ¥ ¥ h ) \ * ¥ *
L ] e o o e e e e e e e e e e e e e e e e e e e e e e e o dm e e e o dw e e e e o e e e e e e e e e e o e e e e dw e e e o o e e e e e e e e e o e e e e e e e e e o e e e o dw e e e o dw e e e e o e e e e e e e L] L]
o P s o o B Loy s il i s il o el i sl
" ur e wr e ar i P P w LT W ar wr " ar ar i W ur e Y Var ur i §
Pl o Pl T e g Pl T g . Sy Plafiyt Pl s Pl o e Pl v Pl e g *
Oy Pl N Pl £ s Pl x Xl u Pl o s Oy Pl s Lol .
Pl Py P P T ae i P wtu Py Wl a i i o P o Py P ¥
X o rode i i i i ar i i n W ar i i Sl il ar i S ar i .
Pl Pl Pl T e Sl Py Oy Pl Pl Bl Pl Tarar [
i e riue i T P x xoa Y u Pt a W ar o ur i .
Pl X ak P roarde i S Py Pl Pl Py S ¥
X N £ i s Pl u s i O o Lo .
Pl Py P T e i Pl e Pl Py e *
gl o rode P r X od i S P .
Pl Pl Pl Il Pl Pl Pl s ¥
e e e ar i . W ar " ar ur i .
Pl Pl T g Pl Pl e g *
Oy N s x Xl u Rl Lol .
Pl Py T ae i Py P ¥
X o i i n W ar i .
Pl Pl T e Py Tarar [
i e T x xau wr i .
Pl Py T de Pl e ¥
P P iy i u s urar iy .
Pl T e i Py e * m
Wl o r X a ur i .
il r i ar i Pl P )
Pl T ae i Py ¥
X i i W .
Pl T e Py [
i T xau .
...H...H...H... TH...H...H ...”..............._.... ”
gl P .
P R, TH&H...H ”
s .
T e )
i i .
T e [
T .
T de ¥
iy i .
T e i *
P . . .
Al »
P
. l‘
..l...l..i..-l..l...l ..l...l.-l...l..l...l..l-..l.- l-..l..l...l..i..-l..l...l..l. ..I.-l...l..l...l..l...l.-l... I..l...l..i..-l..l...l..l...l .-l...l..l...l..l...l.-l...l.. l...l..i..-l..l...l..l...l..ﬁ..- ..I..l..-l..l...l.-l...l..ﬁ...l l..i..-l..l...l.-l...l..ﬁ..-l.. ..i..-l..l...l.-l...l..ﬁ...l..l. .-l..l...l.-l...l..ﬁ..-l..l... l..l...l.-l...l..ﬁ..-l..l...l ..l...l.-l...l..ﬁ..-l..l...l.- l...l.-l...l..i..-l..l...l.-l. ..I.-l...l..i..-l..l...l.-l... I.-l...l..i..-l..l...l.-l...l .-l...l..i..-l..l...l.-l...l.. l...l..i..-l..l...l.-l...l..ﬁ. ..l..i..-l..l...l.-l...l..ﬁ..- l.ﬁ..-l..l...l.-l...l..ﬁ..-l .ﬁ..-l.l..l.-l...l.ﬁ..-l.. .-l..l‘l.-l...l .
»
*
»
P
*
»
»
»
»
P
*
»
: ¥
XN R R R R R R R R FEERNNERENENS AR RN NN FENEEE N F R R B E R E RS SRR, XX NN NN FERR NN FERREE NS NN NN FEERREN Ny RN NN RN FEERNERRENNS AR RN EEER NN N . NN FEERREN Ny DN N R N o
* .
»
*
»
»
*
»
P
»
»
¥
*
T FFFrFErEwr " F FFFFFFFFFFFFFFFF”FSFFFFrFFFrFNFrFSFFFFFFPF - FFFrFErErrr - F FFrFEFEFErr " FF FFFFFFFFFFFF”EEFErFrFrFrFErrErPFr FF FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF PR PP PP PP FEFEEFEREEr -F FrFEFrFrErrErr - FFFrFErErEr - FFFrFrErrr " FFFFFFFFFFFrFr”rFr”rrr”rrrrFrFErrwr ”...

e 000

T T R R A A A L A L L A R L L L L L A A A L L L L A L A L T A a  a e  a  a a a a a a a e e e e e e e e e e O O Q @
e e R . .l T R e R R R R T R R R R R . i T T T R R e R T L R R Tl T e R R T L R R Tl L R L T . mr T Tl T e R e R N il Tt gt TP T Ll B L B

R e e T R e e R T R e R L R e e Tl R T R ' Y, R R e T T R e T T e R e T T R e R e R e R e R e R T R e R R N R e R R e R e R e R L R L R o R T e T W Y, e R e R e I R o R e R I R T R R R e R T R L R N R e R R R e R e e N R e R e R R e R e R R R e R T R R e R e R R R R R e R T e T R ]

R
Tor Vi e . . .
e N
L
DN
rod ok

B T T T T e T T e I T T T e S U Y O D Om

+=#'w's'w's'w e ',

+'w's'r'r'r e

)
&, o

E

&k r X
#'r's'r'r'r'rrr'r v e r e ey e e

I



US 9,719,101 B2

Sheet 2 of 12

Aug. 1, 2017

U.S. Patent

w—........._..._..._..._..._..._...................__..._..._..._..._..._..__.........__..4........_..._..._..._..._..._..................._...4.___.__..4._._._..._._._._._..._._._._.-.|-|||.-..-_.-_._..._._.4._..._._.-...44...44...44...44...4...............&&&;

A e e e e ey e i ey dp e ey e dp e el e e e A e 0 e e el e de kR &k d kR A A kR &dr dr e e e dp e e e e d e e A g e e

P N e N N N 0 e e A D A e N A D A N D 3 AE DN D N o e A AL M N AL LN M LM M L AL N N
A U e b e ke b e e e dp e eyl dp e ol e e e ey e e e e g e e e e e ke e de kR A e o N N
L N N N M ) i dr dr e e dr Sl i el dr e e dr e i el e kel
A el e ke ap de e e e i e gy ap iy e iy iy iy e i ey i e e ey iyl e e R e s A
B A e b e ek ke e e e iy ey e e e ey de e e e de O e e d e e d e e ek ke ke kR i e bR e ke & R &k & de e e d dp ke ek i kK
R ko L aE L kN
P e e e e e e e e e e e e e e iy iy e e ey iy ey e ey ey e eyl Ll - dp iyl i e e e e e e e
e e N A N N N N ) B A e dr e &l de & d ke Rk ka0l
N e e N N N ) LA B & dr e e dr e e dr e d kK ko dr e
D e e B W B B W A dr ey i e e e e
D N N ) e el e e N
o N E ar E a  E E E aE E  al ak af al) L kel
W e e e e e e e e e g g e g it e iy b iy iyl e e ey e e e W dr ey e e iy ey e e Ly e e e e
D e e N A e eyl e e b e e el ki e ki ko d il
D N Dk A Al N L N N
D e e  a a aa a a a  sa aE aE a Wy iyl p i e e e ey e e el ey e
B A e e e e e R e e e e Ui e dp e e dr e e de dp eyl e e dr e e ok i k& Ak N N e
A el e e e U e e de e b de U e e ol i i e iy e el e el e e e e e L e ke al aF aE a
e e e e e e e e ey g iy g e e b e e iyl i e ey e a L) L
QA e e e e e e ey e e e e e e e A AR R A A AR AR Ll A e e e e e e e e e e e
D e e e e i a ar a a ae a a a aal s a dy it iyt i el e e e e
B e R A e e e e e Uy sy e ey e e de R kR & e ke ke & k& A d e e e d e e d g ke ke ke A A
N N ko L Al al k] Ll ok a al ol
B e e e e e e e Ly e e e g iy iy il Sl iy e b S b b e i iy & L sl
e ) Nl i A dr e el e A d e i N kA e el
e e o aa a a au lad r aL e A el 0 L Sl R
B R e e e b e e e e e e i ke kR N N
N o ol o S
B e e e e e e e i e e iy iy il iy iy Sl ek a e e e Mk w Ak
e N N ) I dr A e e kel i ke ke i A e b ]
B e e A g iag g M Sl el P
L el Jr dr e e e e d e e d g e kL A A
N N k) L 3 ke
o ey e Ly ey Ty ey ey e L) dp Ty ip e iy e ey e e e e
N N N N A ) * o N
L N kM i dp dr e e e e ki e d ki kg
ar dp A dr ey e i e e ey e ol Nt e s s
W el U e e e by de O ke e e b gk ol dp el Ak & Ak ke e dr ki bk
I dr e e e e e e i e e e e k3 N aC M ol ol
o r e e e e e Ly iy iy ey dp e ey Eaal aal L e
N N R ) N R A o
L e et N R A M AR A Al o i il i e
e g e a RO Ll e
B e bk e ke i e e e g e kA& Ll B 4 & &k ko ko k k ke kY

N W ) W e e e

B A e e e e e Ty e e iy L) L0l e
N ) Bk ok Ak Nk kA
L A A * L A el
e e ) L) L
e e T et ataat PN e e
T T N Y, AN N L S S i
F dr dh bk odrodrrodrodr o

R A r...n...nk ......H#H#H..H..H&H;H...H&H.._ A ...4H4”.4H4”...“4H.-“...”4H...H...”4 o .___...4._._._...._.4...4._._”4”...”4”...”...”.
e Wk Ay i i e ki Ll ]
L e et o Tt iy Sy g i ey a e e e LRl
A Nk A i ke e ki Aokl ke ke de &k kR L A el ) n k&
L A e W e e iy e 0 e R d ki i L aC A0 )
A dr A e ap e a e el e L e s ) A
o e L e e e e ay e ey dr e ey de de Rk & A drdr e de d ke ke Rk kR &Rk &k L) e A )
N o s sl ) Ll 3 E k3 aE 0l b al E al ) L) L C E b
L ) Wty iyl el dr LG L0 e ol
N N L e ) ol ol
L e Al R C A S aE E 0 A C E 3l o L C L a0 3 aE )
o ) L e s e L ) Ll
b e e e e e i e e i ek e ek kR Rk LAl e Al M L ) B Rk k& &k ok
e A N Lk S N el k) L R O N N R Nl
R o k) W iy dp e Al e iy L N U e U
e el k aa ) o e N U
L e el M N L0 aE A ) W e e iy e e e el ki
e ) e kst ) L s L e
D A N E o aC el EaE ) A dr & e ey dr dp e iy dr e g d e a ke ki
R A ke Al ) Lk a al A L a3 E Nl al al k'
P e e e e gy i ey e ey ke a e d A AR Wy ey dr e d b a
e N ) * L N ]
D e N k) LR E N Ll L0 0 3 E 0 A
A e ap iy e iy iy ey L ) g
bl e e e e e e d e e dr e ey de dp ke kR a0l L) L aC kg
R k) Ll L 3 a0 L) L
W ey g ap y ap e ey e ey iy Sl il Ealal k3l * L0 O R e
N A ) ol ) ) L A N
Dk i al al EaC a0l Lk L RO 3 3 0 0 M C M A
D e e Ll k) L S U e
D N EaEaE Eo 0 e el
ke Ll ) L W e
W e e ey Ty T e e )y il LR r iy dp oyl iy Ak
e e L) A
b & & bk Wb odrod o0 ko0

__t.__t.__tbtk....rt.rk.rtrt.__t....*.rt...#HkH#H&H;H#H&H;H...H&H.._“ A et H.___.___ .qH.._.H....H...H...HJH...”...HJH.._J..J___H;”...H.
N o e ) k) L L
W e e e e e ey iy e e ar dr d AR Ll
A A e e e e e e e R R A AR A LM N &
QA A A A A e e e e e e e e e e TN NN M N .
R N L k) - i
Pa e e e e e i dydp eyl el iy dp dr e A i
e N sl * 4
L o N kA A ) Eal b aC 3l 3 ) i
e ) Ea o e N - d
bl e N A e ke d e ke ke ek ke ol a3

B N M N N M e LM M e EaC R N

N dr Ukl ey i ke ke ke gk & L)

0
o .,_..._.H#H....H...H...”.qH.4H...”...H...H...”...H4”...”4H4”...”.___...
o i al E al
W rdp e ey dp i iy e ek
o
U e ar N e e i e i e e e i
o )
e e e U e iy dr iyl e e ik
I dr e e i Al
3y ap e iy iy e ey e
Iy dr e iyl i kg k& Ak
drdr dr e e dr dp i dp e ke kR gk
L e S s R )
&
MMM MMM

x
x

i Jr:
i

r

:Jr;Jr Iy
s
ol

o x
X
X
X
F
F
»
F)
»
»
F)
F)
¥
F)
»
»
»
»
»
»

4-:#:#:
»ox
4:#*&:11-
XX ko k
Jr:ar Jr:a-
X xay
Pl
Jr:q- Jr:q-
Nox oy
P
4-:4 4-:4-
LN
P
4-:4- 4-:4-
L
PR ]
4-:4- 4-: >
LN
RN
4-:1- a-:
o
P
4-:4 *
XXy

¥

X

X

ty

x
¥
¥
»
¥
¥
¥
¥
¥
¥
&
¥
»
¥
B
»
»
¥
»
»
B
¥
¥
¥
¥
¥
B

i
e N *

"._._._...-....-4.-4.-41&-.-.-4.'44“.-4...4.-_.. ____ .__..___”.__.H M ._..H.q”.q”...“.

LR ) -k

¥ LR S0 BN LR

el e ) & a kA

] Ll a0l 3l A ) L LAl

L N ) kA

E Ll 30 M ) a0l

L C ) L0 E a0

W e e A A

o N R N

¥ W e dr e A ki

Ll e s s ]

¥ Bk d Ak d R kR kR k& d ok

" L0 Rk il 3k A aE aE k]

Ll WA Ay e b

L] Bk k& A& ke & ki d

Ll ) @ dr & i i & ik

Ll L el e

Ll L) B B A & ki ko ke d ko ko ke

d

4“._.“.4“4.___ .___.4.__..___“.__.“.4.__.4.___ aa L) “._._”.4”...HJH&”...”&H...H...”...H...H#H#HJ

L B0 0 3030 3 ML M C AC N W W iy e b dp i A

A N ) W e iy i e e ey

WO dr e ke & i e ki Wk de i & e ik ik

L kol L ke kg

o iy dr eyl iy e o el i e d g

Bk A e & d R Ak k& Ak A Ak Ak kA kel

K i dr dr e i ki i e ek Wk e dr ki e i i k0

e e ) e N

BoR dr dk dr ke e k& ke ke ki k& W a & dr &y dr dp & ke d ki ko

L 3 E kAl ) L E Lk a3l

Ko dt oy i ey W dr ey e e a

R R ) L N N

Ll ko L 30 0 3N E aE A L e N )

L]

Wt o .-_.___H.q“...“.a... .___.__.”.___._.. * ”.___“.__.”.4”.4H...H&H.qﬂ...ﬂkﬂ...ﬂ#ﬂkﬂ#”ﬁk”ﬂ

WA i a e ey d ke

W e i e e iy b

Wk & i el ik

o e

W a & drde iy dp e e dr i ek

L E N 3 aE i aEal al ak 2l al o

* WA Ay A ey e i

R o kN

W d ki i dr ki e e dr e i i

L e e

e a & &k &k & & d ek d ke b gk

RN N L e el

[ Wt et iy e dp ey

ul Bk & A kR Ak i e dr de e e dr d e

| al n ) Wy e r dr e el e e e e a0 e e

L W iy a oyl e iy i e e ey e

L B el e ) L N N )

LR R R A ) L A e L

LU R S B M N Wy Ayl e e e e ey dp e e

R R ) W e eyl i ey e ey e kel e

E L A0 0 MR C A W e e dp 0 e e e dr b ka0 i

L R S RN ) Wy ey g i e iyl e iy i e

LA 0 N R N M ) A AR b A g U ke ke d ol de ke ko ke

L N ) L) L ke

LR R N ) Wt e it i e e e e ey e e e e e

o N ) o N N N N N N

] L0l M Wl e e e e e e dr ke de e e dr i

WAy i A dy iy ey i e

] & dr de e e d i e k& gk & ey dr e e ded

L) Lk e ) Ll ol

L) L oy e dp e e sl

L) L e N ) Ll

¥ L AL AL ) L EC  aEaE aEal aE al aal i Ll bl

L) ) L e ¥

L) i k& W i iy e el ke )

L 2l W d kA i ok

U sl s et el Wt A ey iy -

A A
K odr i ki kA i dr e e e i

Ll 3 N kel ol
Ko dod d k& d I dr dde ke kA k&
Lk 3l al L )
¥ i drdr de gk iy Ty dr el AR
S A A AR A AR A

iy iy dp ey o )
I drdr e e iy dr O e iy dr e dr e dp dp e e e i i ek
N 0 AL L A Sk AL AL 0 A L A L L L

[ e e o e S i e i S i i i F i

»
¥
»
F
¥
F
F
¥
F

r

i

§

\ AR



US 9,719,101 B2

Sheet 3 of 12

Aug. 1, 2017

U.S. Patent

ag oP 1 1810Wold L QdYD-IND

|BPN 4]

3g04d 4G /€9

g4 Did



US 9,719,101 B2

Wl Hiid _
.. mw.m ﬂ .Vm R

o

. ; e L e R S A e

e .-.-.. tI"-_-|-"|"-_"|"-"|- -_|"-_"|"-uiuiunﬂ-_.-i.-r.-_"-.-r.-ﬂ-” ”1”-"1"-"1"-"1.-_...... "1"-"-_--_ .-.l-__-
N ateta e bt S LT T T T ,..,m-_ _ ..-__-_-_-_-_-_-_-__-_-_- o
B A Ao o ._.LI"-.--__--_-_-_-_-_--__-l-_.._._.111. - " ate e -_-_-_-_."-_I..
L e gt AT, . Il"-_-_|-|-|-_|-|-|-_|.__-_..._... - ' o sl a e
L] * s r - L, a2 =" e .- + a LI
> ..ww"n. Al -..un..nnuuwwwwu..uw... A A X

s i

l“-_-_-_-__-_-_-_-__-_q. a N

Sheet 4 of 12

Aug. 1, 2017

U.S. Patent

PNFEHDSZ | n ™

...-I-
- I. ]
ZocoH

'il .
ot
[ W

s

T e
'y

2005k kkk
B L
L]

-.-
i‘-l
L]
L]
L L
L L]

o
e
-

.
Il-ll-i--\.
‘I'll' L ]

L L L L L e N e N N ]
L}

L L
L L]
L
T TR R EREREEREER

i
L}
A

06930

et

T

I‘
L]

'-':

I‘

.-

Oud GdYD WS

&

+

L -
luinluluiuln -..l o

[ a0 el ol S N
e e e e

Lkt el e e el o e
et ' e )

1..-..-.-.-.-.-_-i_... Tl

-l

L A
L I"-I'I'I: *

I""'I"-"I L

-
Ir

"
el )
L]

.

e

"y
L L] -""'-""'-
L L

L]
I"'I-'-I'-I_'I'I .

'+ w
Ry
rFkF
kA h &
e
]
LA

L Y
L

ey,
e e e
-

llll':lll
::-

en

ittt
] "I"Il""'l.'

""'l.-
a .

.__.t-.-_-__-
..“”
o
-
¥ .
— -
i : s et
i%3 m_ R34 w. ..m e
" L e
.-.--_-l-_-._”.
e
Fyl "-"-_"-
.nw"""
B
e

o

IWALLH
eral
ASUDLI

Od(1-1 2400




US 9,719,101 B2

Sheet 5 of 12

Aug. 1, 2017

U.S. Patent

W3
(20 ulng SHYS WS
LHONUNE SHYS WD

-------------------------
lllllllllll
------------

-
IIIIIIIIII

lllllllll

IIIIIII
IIIIIIIIIIIIIIII
lllllll

Dud SHYSRHES 4

a h
a
- r
o X
a4k
nk
- -
e at
o .__..—_._... :
i . .r....___.... T
) - - 2 St ' {0 " ]
o LI L T A A RN )
. - . N |
- -~ - EEEE
a ¥ - a R,
. - r ok
vy
e
aa
-
. -
- .__.r
-. . -

L
IIIII
'''''''''
lllll
ok r

-
####
""""
ffff
L

L
llll
""""

"""
L L]

66920

''''''''

e
et
<

LNIEHDS7 o

1
.
1]
.
| ]
o'y
i
R
Yy

"
|-" IIIII

Bk
IIIII

1111
llllllllll
IIII
llllll
lllllll
lllllll
llllllll

e

llllll

lllll
lllll
llllll

IIIIII
iiiiiii
lllllllllllll

.....
.........
e,
..........

OBd GdYD WO

(¢ Dl

L
(2 MLDS SHYSHD
 NOMLNI GRYSWE
MLOS SWYSWD

IIIII
"""""

-----

||||

[ o]
""""
[

LN
lllllll

&
-,
X
&
b N
S - T
?-u.qn-v-v.e.
-.:.n lllll *
...h-..,.-u_..#au....
&
.

[
"
a
&
E
-
&
a .
-

YAl 8460

LBl Tt R

Z..

¥

20

omME oA
40 4RO

Je Did

T WAL YNH) STYID
B T FF

ﬁm--.-.@,&ﬁ SANO



US 9,719,101 B2

Sheet 6 of 12

Aug. 1, 2017

U.S. Patent

;‘l‘;‘:‘:‘:‘:‘i‘l"""‘i N
et et

A evL L QM QYO D

]
LA N
L |

'-'i‘ 'I'-‘I L
L A i e
R

LA

»
L oa e e
AT

1'-; ‘.:-'1‘1-'1- L a )
L)

*
» ]

L]
L L LN LN
L L ) - -

- I.Il.-ll

i
-F-‘
L ]
]

{ghudg

&
-
-

*

e

L L) L ] EEEREBREREREERREERS
L N
- i l_..I """‘I‘I‘"

L CREEC .
++ b -0 .

D |J1I!Ilﬂlu_"|-IIIIl_ L ) III.._I"_

.....u.... e . A ...."."uwmmmmmw"mmww. s,

N . e
..."."n“ ....”. | o
R R R - PR
N --__--_-"-__- H.L L n ot
.".n"""""" el st
S PN " -
_...- .._ -_“I-I.I.n . .I..
Ll ” 1”.! L] ”"-..I.. .

L

e al a al
. -

L ]
o

e

L]
|
L L
L]

* L ]
-."I'-'I'
L.

S

T RN R

PR EREEER R RN
'I'-'l" L] "I..I,|I

-
L]
L
L]
L

3

i

i
llIllIl-I-llIllIlI
»EREREER

.
a - r

-

"
» "l"'l""l | ]
] 'lll'll‘ll'l"ll“l ] '-
N ] ) [ L L L N ) [ ] Boa o
B a

-0
R .. wfws ﬁ 443

§ gt

316116 1nd

a
& .
L
'.r
L]
]
I"
Il‘
'l'
)
]
)
]
[ )
]
]

DN

LI

]
-

-
L]

]
A
- e B
]
L
]

L]
[ ]
%
L]
L] 'll
L L L L E
I‘I‘I‘I‘I‘I‘I"‘I‘I‘l‘ L
UL L L WL
LN L L L L L
]

-

-i"

r

L

»
"

+
[ ALl

o

L
-

. .._.._.._..___....-.-...-..._..._..._.._.. .
...I“t“I.l“I"t"l_IlIiIi'l'l'i'l""'l"""l"'"!"" ~ I_I l.ll..

. - [N N N N N N N N N N N NN NN NN NN III .
BB o T R R
._.II"' R R R R R R R P s SEFEREREEEREEEEEEEE) _-l-_I-
- | N [ ) Bk EEBREF_ - fr-FRBFEFEFEEEREEREFEEE lI
et e N L R
. IIl'I_IlIlIl_IlIlll_.- .-_.1. . - - -.rl..-.li"l.'l""'l""..ll l.-_
l..l.'ll_"l_ll_n...... ....-_J.I_'Il_"l_' ..._
e ey
Tt e
- -.I kBB
St
’ ._.-"-_"1 o A
W )

OdOL/MD/ 800

i
| I B
= h b o=
| T T -
b b & .
Fa aa ]
iy *a IR R R a e e a e )
lllll [
I R ._-1"-!_.-.-_-_-_-_-_-_--__--_-_- S E R R
e e s FEEEREEEEEEEEEEEERE
ST ._n.__n.._.._.._n.._n.._n.__.-.._...._n.._.._.I|-_IlI|I‘il!i!!i‘!ii‘IlIiI-_-l#i..-. '
...... RO n e e e e R

T
L] -_-

T
L

-

L]

- -

P ]
'I'-'I'I'I

-'-"'-".

ey ey
‘.‘i;I‘I'I'III'IIII

“-

l-:-l '-I-'l-'-
L L
e

L
L J
'i::-I'I‘;-IIIIIIIIIII'
l-:ll
S

]

N
L L]
F ke ki

F roa
[ ]




U.S. Patent Aug. 1, 2017 Sheet 7 of 12 US 9,719,101 B2

1445 Y4
LS-YELLOWT N

..
R T
T . AL e e e e
R
I
~Te R RN

\

'

‘
" 1
ety A ety u '
‘-‘-'-'-':‘-:-: . bbb:-'t'-'i:-:ln:-:-:-'l' e '

GHM-GAPD PR (1148 bp)

NOS TERM

F1G. 4D

'
%
b*
e
-
e
.k
e
.H
.i‘
W
e
-k
LT
L
ar.
W
W
.i’
.H’
. .‘
.k
e
T
"
b.
e
o
b\'
- ¥
o
.
e
W
Wt
1
L
..
x
-
-.b~
.
-k
L
-l
e
b\'
.k
.
-
"
W
-
'
rr
o
.k
-k
e
. .*
e
W
o
wk
-k
.
e
T
“ T
et
T
e F
e
. .
rh
. bk
-k
"
e
. r
L
AL
o '
N
.--b:b~
et
s
.

Y
' n
' .
[ ] r
1] 1
b 'ir‘i l'. !
W, -M"ﬂ'ﬁ'ﬁ"!!“ﬂ. » r
(e iy *
R w
RPN N o W I'l-I'l-:l o
> kb b & ] [ ] L N e N N L
ﬁ s e v ] P
B L
L - -r o - -
T e T S
et wr TR
e R
T ’ Ll e e
m e ‘meew "

- x o oaxm
.

ATT R4
NOS TERM

11’!’4"'.

RGN ]

L]
L]
L ]
L]
a e a b
L B L L L L T L L

R R I A I e
T yY

QL3330

v
d

a
- or -
s

Fia. 40

-
)
e
-

o
e _

‘N
L |
-
= Ty
- .

L |
roa .

raxor -
r T

. or oy 2

T7 TERM

'\.-l
L
1-I .
-
v
. e
- Ll ) e
S ‘1‘!'-'-'!'-':'! et
r U el e e Lok
e e ] e
Ll el e ) s
s e ey I‘I:I'.. e
. e . LT
F 'lirbb
.
. .
r Ll I'I_b*

.......

L, .
.= m Wk bk

o B v r w bk F bbb

L e ) CAL L

}N RS
e



US 9,719,101 B2

Sheet 8 of 12

Aug. 1, 2017

U.S. Patent

HiNG

1058

_ Sl

INSAASD S

- 69v)

Oddd UdvO-ND

G Ol

AG-06800

AY-(36800

AL-06900

AC(6920

AL-06200

06900



US 9,719,101 B2

Sheet 9 of 12

Aug. 1, 2017

U.S. Patent

A

o
A

A
!

HS DIl
06900

A%

(Y

a

Dl

AL-06800

.__.._.v.#”v.v. e
vv.v.rv.._.r.a ”v.a.v. i
o P e R
R

-, FF FE F S FFFEFSFSFEFSFSFEFSFEsFsFsSFsFESFsFEsFESFS S FEF S FFFEF S

29 Ol

Ap-

06800

=49

AL

Y

)

9l
06900

9l f=

A-QEE 0

F o
Al A
””x”.._“””x”.qwx
M .Fuv”vuﬂnv”v”!v”v”ﬂ”v”

e B T R,
R

.

k4
W

g
o R
e

h_]

M

e
A A W K,
A
A A
SR EE S
P

o g

e

A
o)

™
»

. ””..._””nwxw..._w..._wnw..._w..._
ol el el
g A A A R W AN
P PR B A A A A

»

b

]

]

.__“ _,_“__.
" .r.v_”.v“”.v_”“v.v.xﬂv.v.v_”.xn.x ;
A A A
A A A A AW N
PP e M Mo M Mo X

ol o iy i
o g My

e ”.,_.
o o
a

a A

!
A

s

A
A

a A

s
LA
M e Ko o KN,
A

49 Dl4
AC

e

06800




U.S. Patent

r
L
L]
L

ol A e F

Foa
x o
AN

'-h
ot

ettty

x
M
Al

T

4 4 T b

A
b

B
J,
¥
»
L]
L
L]

e )
e e e T

-

rF

T

T

r

T

-'!‘r-h.-i'i'.t I -

L ]

Al A EC ]

i de

e

rh g ryrrxra

A ¥
L
i )

O

Aug. 1, 2017

L NE I N I R A N |

]

]

'r'-'!'l-'l-ﬂ!-ll-\'-llq'q'q'rq'r'r

-
L N ]

s b by xr gy oy x|

FIG. 70 FiG. 7D

G, 7B

G, TA

M
Al HHHH?E H"HHH
H"HHHHH H"HHH
A |
E N
H:H:H:?ﬂ H"HH?E o
E N N
H:H:HHH:H"H:H"H"HH
?d"?d"l ?ﬂﬂ?ﬂ ?dx?d -
HHHHH Al HHH E

F
M ON M

-l
]
X

MM KoMK K X KN
b ]

¥ X
*
i
*

F
k]
e Y ]

]
H N W W W N

F

e i ]

k]

L ) :ux:ux:u i ]

_uxu'ux'x K KA
x::-::xxxxxxxxx X,
L A A

D P P K

L
Ll ]
"

X!

Sheet 10 of 12

IHEIHIEI-IHIEIEIHIEIEIHI
H I.I
HIHHHHH::::EH
& E
-

e

2

'H"E'HH'RIIIIHIHHHIHIIHIIHIIH

LR REEEEEEEFEFEREEEN EE R RN NN N
]

X W
XN K ]
LR RN EREEEEFEERERE R R E R E R R EEEEERE NN
X
X

L
e i
lexi ]
-]

X,
o

i

X,

'l'?dIH‘HHH‘H‘RH:RIHIHHIHHIIHIIHIHHIHHIHHIHHIHHIH
]
o
M
¥

k|
H

F
]

k]
F
H

.1xﬂxi!xlxﬂi!lliIHIIIHIHIHHHIHIHHII

X
»
)

k]

k]

g o g o™

Rudx:l?dHHHIHIHHIIHIHHIIHIH

X,

HHHHHHHHH.

N N
W
N
!l:ll
X N N
]
:H:Hx?d?d
H'IH"IHHHH
i i I
XN

X

F A

X XN KN K NN N N
]
E ] x
X
k]

N
X
X

xﬂ

N
X

X
X,
X

]
-
F
ki ]
X
k|

XN N

MM N K M

k]
N 3

i A
k]
&
L
o

e i ]

XN
K N N N M

X
X
X

X

H
k]
X
h ]

HHHHHHHEHIHHHHII
X

MR
F
X

F
P,
o,
F
P,
Y
™

HEIHHHIHIII

b

'H:!RIIH'RHHHIH

k|
e Y ]

k|
X

X,

X

X
X
X
ot

1‘!":!

M
F
e
)
F
»
>
1!!.
i

X,

AA A A A A J
HI:H:I:H:I:H:H:H:H:H:H:H
AN M M N M N N MMM
LA A A A N N MK
M e M e M A MM KN
Al o N A NN N N NN
E N N
Al ol ol A A A MM NN M
E NN N I
] HHH"H"H?‘H"H"HHH*H"IHIP
o

I NN
~ x?l! ?ﬂxﬂxﬂxﬂxﬂxﬂxﬂl:.l
xxxxxxxxxnxxx"nlllr

e Y ]

]
-
XX N
F

H
X
k]

)
e
)

F
F
BN N N N
X,

HHH:HHHHHH:
E NN N
] ]

x
MM N W oM W M W N

Mo A A N X N M

]
MO N M N N KN

MM

N N N N
NN N NN
i

L ]

1:!#!!!#!!#13!1

i
P R e

X e e A M M N M
b ]

ttx_x:u:uxx::
XN K

XK N X KR N K
X
Y

:l:ﬂ:ﬂ:ﬂ:il:l:ﬂ:ﬂ:ﬂ:ﬂ I:l-l:l:ﬂ:ﬂ:ﬂ:ﬂxﬂxil!
Mol A A MM M A AN AN A A AN
AR A AN H-HHH"H'H HIH"HHH"HHHHH"H
A A A F

?!xi!

o)

o

)

-
Ao e tet0%
. - N F i )

]
]
>

]
]
]
|

]
A xﬂ::
A A X
M
A A |
Al I" Hﬂ:ﬂ:l:l:ﬂ:
A Al A
E

IHIII"IHIEI XM
|

i ':!:x:':':x:':x:':xr ]
A e W M A A
i i i i i
MR A A A XK N M A ]
A e e e e
A AL NN
A XM ML A A A e
e e W ac e
A e A
A A M A A KK N N A
e ol e e
x:x:nxixaxxxnxxnr E

]
F

P K N K N N N N NN NN X XK KN N N NN

o

k|

1!‘ 7

k]

RN RN EEEEEREEEEEEEEEE

F
e i ]
]
F
k]

k|

&l - ]
I-HH
]

F
]
k|
e i ]
o ]

k]
o
k]
L ]

I
X
Ll
A

k]
F

k]
F

F
k]

Mo N M N N M N NN NN MK N
MM M M N N M N NN
e Y
MM N
k]
L

Mo N N M N KN

K
A

k]
*E N

AN i e e i
x

oA W N M N
b

oA A A A N NN

HEIIHIIHIIIHIHIIII
L

Mo oM N N A N N N NN AKX KKK NN NN
-]

'HxHxHIHHHHHHHIIHHHHHHHH

i
o
o
b A A A A A

X
b ]
X

b A
i
i i

-
k|

"dHHHH'H'RH'H'H:!H'HR?IRHIHHHIHHHHHHH

]
X
X
k]

b i, ]
b ]
b i, ]
L
IHI!HHIIHHHHHHHHH
-]
b ]

b i i ]
L
X
N N N N N
F i i ]
I-II
X
Mo N
b i, ]
X

e ]

X
lx:ux:u:u:ux_:u:u:u:u:u:u:uxxxx:ux:ux:ux:u

LR EEEEEEEFEEESEEEEEEEE NN N N

X

b B N
|
|

H ]
e i ]
e Y ]
|
&l
-

]
N
k. .:H:F!H
M

N

]
F
E ]

k]

H
I

H

]
‘lxiilailli;
- IIHII!I.H!H!HHHI ]

L
E N e i ]
H ?dxHxxxﬁlﬂiiiﬁxﬂxiixﬁxxx:ix o M N K o A A A N A NN

e
)

i!HHHHH‘HHHHHH"HHHHHHIIHHHH

H
i Y

k4

X

[

k4

X
-]

"

k]
i Hx"tx"! ]

A
N
F |
|
-]

US 9,719,101 B2

G, 76 i, 7H

FiG. 7F

G, 7k



US 9,719,101 B2

NL D4

Al xxxxr
N

-
o
E

A
.xur.xr
PR
X AN KA
x
Y
.

L
IR
H“H”HHH”H”H”H”H

. HHHHHHHH ]

N
o
S

X
o
2l

H
E)
H

x
oM
.

H
E
E)

Hx nxxuxnrﬂx RN NN NN HHH n”v
i “ HxHxHr.quxuxmumxmvﬂxmn”x”x“x“ Haal-_.
N i

N i
o A A A
A A A A
I A N
X R A K A A RN A A K A A MK
i A A A )
A P P M

M
x
|
|
|
|
o
?:?:x?:x'x'x?:x
|
|
|
>

A
k k JE L

Ml
E
xﬂ

Al

Ml

Al_M A
N

A_ M

Al

Al

Ml

]
A

Y

FY

FY

-

Ml

Al

A

2
X

A
.

.
N
oA X
A
N
i

_A_A
Al
HHHHEHHH
o,

.

EY
.

Al

o
|
F
|
]
A
o)
)
]
E |
|
|
-]

A

KRN KL L L A
o

]
H’H’HFF' e
.

X
2
x:x:x"
)
N
e a
2
> W
e
2w
e
PRI AR
)

l"“! E X
e
I HHHH!!H.

W

VNN
rn”x”xnx“x”x”n”n”xwx
A A A A e e aa a
g e P oy P a o o

N
x

Sheet 11 of 12

Aug. 1, 2017

U.S. Patent

LN
ar
* 'r*i*-l*-li-l*i

X

#‘-I-b-l-l#l-l

i

LUl e

AL AL R A AL M

R Rk F ok ok &k

&

&

i F F ko
r

o hoy k& - .
I e ity
L e
e T T T T T T e

™
ol
e .._.H

)

T o a  ur

v

L A

W A dp iy
I dr i ki ik

acech:

[

)

W e e e

A U L i U i

R o N N

L R
AR EE A AR i e e e i e A

L]

L A A

I”....n_....l 1.“_ S
5

ook
r .

ERUE N UL R At

|l A
h_J
l"u M ACAC A Ll

=
L

EEREER

T

Pl
AN -

-

dp iy O e e e O e ke e e e

-y

A

Y

P

L
L

L
S

X
o

)
L)

X B K ¥
:Jr:lr:l':l:#:l' X &
PR MM

LA
ek,
A

Lkl

X
)

Cal
W

E )

e
.4.__..._......_......_.H._._.__..__..___.___ PN
-

=
e

!HHHHHHH'I-I..

n

"
g
e
WM A

K
|
x
.
L

A e i i
b




US 9,719,101 B2

Sheet 12 of 12

Aug. 1, 2017

U.S. Patent

- . o A - T T e T . % . opr 0 ma |.|1 Hn.“.. ._". ” _” ._..t__"n“.._-.-r._
P T T T NS T R L b B S SR S L AN e Vi L -sUbL Oy s BN
- -. - L ™ L .._‘._. I A [ 3
=TT WAL T NI T Ty k._. m.: m.. AL VoL L Ly e
- o -y . ...1..,..1“ L- g 1 .__-_..n i - ._._ NEN. ._h. .._.__..-.I. " l..__m.-n_r.-L_r il d .-w...-_..r....__r R
- e .I. T TRAT T T T T ™ ) i ,“.. .,:. WAL rt.r,_.rll...r.n. LAY B SR S " . ) n AT, T
__uj...hw ...._r.__w..__. TR .w f__.,.ni ._...xu..r:t"_f_: andclnins .i___ - * ! b JuT s e w W ey w TR T T ! ﬁﬂ __..m.,. i M ] .,u..___“_.._vw ST & Y Rl ViV
et s b - e - S e et - =, -...1._-_...._._. - # = , . T . / . v - - Lo T 1o
R R LS ..-..._._ - % T, T L' .._.. | -ﬂ =~ h a L“.r-_ ._.u._.._.- Ly oy o _‘F Fi W Im.‘.-.l__.
Bk w ﬂ"‘ Mj.ri‘whl.. _1..11._. ._..u -!-...__.l..‘_ i ..I..w‘-r._ ...l.“_w " .-..-.._..“_d.ﬂ.uh .- #“W Ao .lf.“_.L-._rlr._rr“FM-._J.IL‘.IN_F.L_...U-F-L.—:IL- .ﬂ.m_ _-._. A ..__-I—.1 oM sl _l.1-| L P ¥ +—
- ._. - I -L.._.Ju RN Sfida il ol _.._ ' i - men Ay e e
i .1| r- ..| [ i +r ;
i _r _I L 1 .__...._... r._. -
. - - o smEom F - “.:-... .!.;..-lWr.illl._
e ¥ T . - [T L] adm me m Bl M . T L, S R | _.... r ER s I I a -t d T
.. d ."._1 "__ P - 1.....#...-.._.1..- e A i ..I.__ .M __.“..r-.l....l.;_“.....ﬂ. H .“ .__”._..,”.—.ﬂ M _“ .._..u_ ot .H.ﬂm _F___. .._..._. .,.._I._ .w___ w.__.__. L I_t _.r____. ....r._._.__l LI L A bk
.-.L -l . - - |- .. o - 1 = ... l-l - - - : \ . g .._ i . . - -
) e M ST e a4 .._.,,.___.!,. [N M i U___ -._“”. T i ....k“,___.._.. ATH ...k“,.__ PRI AT TR A LI LY 3 IR NS TR b
- R — R B T ol Y AL " -y . Pigg ottt __..~ Lnls ..._r. .r~._;. - R s . . r T |
w w ey roTy T ey 7 A el ol B R N IR A T TPREEAT, x_.,_____..L Nabi rL.Lq...:..__._....__r.._.rxq..q.fL L et o R ——— ¢y oo T R O A T
-._.....___.1.,.. TR R ) .h. .._ M M.:..iﬂu...._...__ “_._._.__ __f..__ _L.m_ ﬂu et m__.i._.,..___. -....1. “L.L Wk s D ._:__4 ﬂr i Lk 4L .L._: o et : ._]..__..L. ﬂ.u__ M T ._.I.r__].._ Cy T T TN, T ) 14 -”L .1.U xu.n_uq ,_.ul..._ H_..r...,.....ﬂ_..m_. ._.I,.._.tuh.___“_..u _.M._r.-.n_n_"_?h_..{__ ___. S RO R .M HT A __.,.L e YA
LT S N Y ‘ - T oy m-- A T I T : * PR EIE CL VA L ET S A Y = -
- - r -r - .|. L B L] .ll....-ﬂ .M.,_ T -1 = f= .m“‘ ' “_l-|_. L.- |F ' [ (R |-|- L r.......‘.__ b ot s
T - — T R ....J_nﬂ..., . YT q.:_._..u ™y n._,,_, . o EL ..r...r._l.r- |.r,,__rq_____.rrr s L o .
.|..|J_ ...- m-..a......l-_...tl,_._._llw. — .ﬂ.lw...l,p ﬂ..Hu__ - __.L.. ..|H___. M_.......m_qr.r .__.J_.”...|L ..{.._. L_- .L__l__._. .._..H RN .IL..rL“_.__ ), ..,.___. L.. [ ot LL.!._ LITLE N, L.__l...v.! i |“. .".l._._ _H_H..,. "
G L OV LY L DML o Ty e
Lo = - ; - B =i
TN T PTIEYST (T T HUPI v i-nQul oy L Binu
0 ._m M . S " Wil St J,A-__. AR Y TR ALY 3TE, ...._._ﬂ.? u..__. »r,.._ ...._w.m _,M.. L o VLA M . b L. (- o -
Wi __ AT ..-...._1|___...}..._,ﬂl__ LTI K ”_....n..mu.:ﬂm__. . e r e ._..r__“__ ! < .|..-.|ﬁl .ﬂr g ...__.. ._.._..l ﬂr ..e...__. #...r..r.-_. ' LA R L F L......___.r.... b - - B Rt ol ot T
- e e e T o I N N .“1 T H-J.,._..l i ﬂ...... ._.__q.. ) E”........ ENE AR ..___| ._._. ._.,.r L ..._r L AT A T PR V) - . ._...J..i...a_._..r... P ____J_ - - v..“rl N 'y I..“1... :__p.." !
Bl il e e i T R S I e -le__ ...!r. F A_._._l I=ne _._._ =i ET RN LN, -,.L L -l.r..r._.___ L oild ._.u{..__._.. CR - - ._.._...... - ._..l,r-... [ I | ™, 1._ ﬁ.w 1 11 “.\-ﬂw b Lol P BT AP M
OO OOV OISO DVOLYLOVEYDOOL Y W Y Y O Y Y O LSS L LI YIS0 (007 T
M ..In SN lL.r.._____ o Er ™ .__. Ll 1..-_1__ ...”_“_ .b____..._._ﬂi.__q._n._.___..qu_.__.J D__ni.ﬂ.ﬂ.ﬂ._ﬂ__._...q__l___m H_.._.. .w _jm-_____ __."__ .,.w W ._,....._. __..4 AP T ! c_._ Y _r__ ___Hr\.“ PR L LR L
_ - . Y n ™o o T ._.. ¥ - e ) _.r__ Y . o - h -
.. T T s o S T e N T B .-..__.__j___ O ALY r.r.. e o ol he e - = - -
SR I A S I R A IS AR A N AT A A R N R I AR LR R L AR 1 LY, - ROV
-|‘ _.”.. ‘—.I-... ._.llnu“-rlu.‘ £ _r_.‘.__.r-._. Lo _.r.1| Fn_l__—.uuu et i | C S W e - 'y - L 1.....nlh_|.._|r.
) ; S A TT T Ry T h;qr.mu_sn.\.u...,.m.ar“_;_:..,"_
e : - P |..1.r_4. Y _....4__. ___ ..|____J“ I .w ; ..r,.un._:.u.wm__.. 7 R AP S Y o .,.vﬁx.__n._.i b v 4 -
SEEION! ryn - Y Y YN L L LY Ly L LYY LYY EYY L oL YL L RAE
Mo iR A IV T T mua.._._.___fﬁ,.q... m..b.ﬂ_._..qi- M ,.j_.q mx__u ,"_.L, __,__..:..,4__.; A NR WA I P S T v Leda RN, , s pr e .
T [ ey 4 e K F X : - ; il S TR .. £ = N | Bo) w0
HRR AR A 0 AR A R R A L S A vAR A A A v Y AR AR A SR A kel foaiidd . TV R LA STNT R DALY TN RO A A _ﬁ____,.,_m NORARVG IR NN i (d o -0
Ll M. ¥ _...w {5 P L A _._..._..u A T AR e =y KAV AYAYAYAVAY _..__ FITY : i .m w.l_L:...._. LT r__.r.hfr __.n_bx SRS CIR PR SN
M e i P SR TN TN A SO T YT A 1.“.__ﬂn_uu,.l N _m..__ ____..._..__ c u_rr__..JH__ PR VAL VALY S F AR AR Y) _.r. £ fr A e __._.._,. ST T ¥
: A 'y |._ T L = 11 ’ ' .hnul.__. b 2 - k= . .
EEE L R TR ] ..._ - - i ...-..... M _h e ._...-.._. .__-.L.. 5 T Wy __-I_ 1_ i J. ] 1 .r.__.._ ._h _.I.1. LI .ra.- - u..r._. .-..- .l.-i - -
IRV VAR R AVAVES I YA VAV AY S N ANV ES Y AYAVAVAT N RV RTM AYAVATRVAD N RN
LT Y -‘i.._....... - - r ' _ - - - - v ST 2 [N R
- I BT y i “_l._ll.“lu.-.__..uﬂ_ﬁu ...__..._.“.u.“_._._.u..q.___-||q|-_.__..__...._..h .._..__.._...__H..."_H " l_.w.rhrwl__...__l..u“
- a _ - - - o —— |-- ...r.l-;- -”-. - r T -l a 1 i '_‘|_ m.|| _v .h_n._.l-.,-.... .[ ‘.T.w N LF p -l. r__._ v h_ L ﬂ. i 1 - -
__.t_ H.J_ _.._..._.« or 1 yT -._..|l m. d‘.__r._.‘.. ! m“_l. X “w £y i .__r...._._n_..."_“w [ ] N u- wd L .._|-u|r..._l..__-|- Lo _,r... L = i B
.__....‘. e i - . a S ﬂ.d\.{. ..F|.__1u.|..- r ..1.:..__|Ir.-..__.. .___..aa._...._.” m -.--f.un___..aﬂ_.ﬂu L ._.._‘|__ _ _.",.”..__.___.._a_. l.q.ﬂ.. o F__ r_ .ﬂ. -|- wow ....rw_ .._f...q“..rr_ LA L_._u [ S & .. o -
- 1 Topr o ' . CLEW A - B U P Mozl . . - - T B et i
- R N Ty ..__..___. m._. LIRS 7 ...J LAk .“ Ly .EU.__..._.__..__.‘_ ! ._..I. ..__:L"_ |_....r._“_r__|_rm “w oA e ow m = R S 70 M _T ¢ ;J..“.._\J.____ . ___LF i “!!..h_,...".” !
.._r.___. RN S ﬂ!._. iaNT J.r.."_w Hw i d _..r.h“ [ -._r._up.. _.|.I_L_.._..1.__ Wotia L i T R I A A s S T L B S S L P F M Rys M S w i 4 A SR W Lo N “ml il iy -
.__.J_mﬁ oy R .._“ 0, Ay .._..._“___...__._..r [RLE S - = e - ._....- - __.._ ____J_,.____. Y __,.____._.... i i _ﬂ“ 1.___.. VAN S LT LY .L_. (I T WPR T N
s s T v RS RS R EVATATE IR VATNY PRV PR IT PRI VAT ML P 1S PR VIS SE FIS TINP FL0
T T e Wi R o :..__:_. LI e B L e Y m..____ 3 ___ “. L m...____ru._....._____“_ Lr .LEM: w M. LR ...Wi. __:u. :__“_.T.......{ .._r..- hai e eV
' - - - B 1 - P .1. ...r o b P l.... .r.. - i
N N R L L L A LA LN L LY RN
LT T _.,-.1. Ly - A - - . ) ) - - N ey M._.u..l b, T ™ _M..p- ‘...__."rﬂ.._ﬂl_.
T RN A5 N R N A ISR N SV IR (R AR SR
VT -y =, = = TS oRtT T Ty M T _1|J..- Y Ty L. YR ! - e e Lo - - a k- e ~ .
.1.I.. ._._... " M . . o .-_m.. _1.. .r TE T oy ot .I._....._-w.-.. - Ly ._.r.....ﬂ__.n-m_d.._ - “—-.....‘ ...-...1..q_ ﬂ.ﬁ....____._..m__ ._.._L- _.I-I“_ ﬂ.___. .r._m __..__.unr.__.l-l_ﬁl__.rlx__ .ﬂl . b L ! - .-..__ .1.- .
;.!..__ __-.._ - - ._... I.._. ._1_.. -..L_ % r 1.= __U. 1 1 Ln. .._‘__._.- S I T -
- iy ‘i Sk T T .____.u_ J__._.__.u_r.__._.M i ._.._ ...HP.:. " .|.. .ﬂ.n .._.u i ....qr._____,_ RIS NP \ . - - o
W TR T Y T Y A& AR A A <A v N I R TR LML I i i = T RE T RN T Fate B A A ..}.E..M,.L e A Rl L ol
ol ST IR RN d..ﬂ._____.____.m__r..___w_ WL M PN G o PN L oo b e S L e N et W el e e ol o o Bl M T .ﬂ! 4____ Lo VoL L far A e e N
L .mrh,w.“_hrrfi}...:_... ST Y R TAFRF I N § . e 1.;&:,.1:,__.._.,..44 ____ H.q_._”.ﬁa i ._..mh;._ﬂ____ i TR S TP e U i S el B LY A e LT C.ﬂ_ AT P y
- - * - T i | b _ b mop . om o T e L = e =
B T e A B T R SRy TTLTT H........ﬁ .ﬂ_._“_,x.:ﬁ...& Y ;.“.J._...,_q....wﬂ.,.,.,“..ru ..,....:..__.”m..... ..__,.__.- LT ARY .1___(___ _..__wu_._ L Y LA e
T e " a_ana..._ﬂs__n.,__.,-.n__wﬂ...ﬁﬂ__M "y N B m_..__“..w W F_._F.._r-_ _"_..._._ ,...,.___ WA AR ALY PR VIRV TRY Ly o bl _ ._,.,Y..__.,L
SRRV N NSRS TR IR Ha s R A a AN ST O
; _ . R R [T T L. = 0 L1
B T p—_ SR R A I f HERSAN daTtod b b ) 4n.,#_.ww____."- H"_{__.ﬁ.w:___Lf. m.uw__ i o
a0 *._(ww LT A" Yy _._..m___. ﬁ..r.........-M i .._..TL. _T._.‘ M _.r__ __. ._ E ..... __“:....__F._I-L..... VLLESY w0 e P B
‘:.._____r.__ e Sr e i o m g - i4+.,.|__.ﬂ..m__.. P L -1 ..._.__L. -__.J__. LY M Vo, LR ) 1A Al .
- L - D i (TR U_ ..-_- L d........ﬂ M “ ’ ..,.... ...h v ..ﬂ_...__. ..,_._Hw._F.n..__._r. E.L Wor o eyt r...l._rrx:-_ ow Al SUAPRTANE . (o g Ny FT T !._.‘..umﬁ;_
= o = .....|... L T 1..____. _.......m. =+ aun_m.. 1 i i |“ .“ ...._T___ _u.u_ Y _._____. .L.....L....I.. v .r_.uw....l (. PRELE FWEIRT ..r oW -~ -— ) - . o - ﬂ.lhi... I-.m.._..l....ur o' I._..1 - ....u.r " i ..._.ﬂ.l_ “ g w u ..F._._H._.. e (I
“ JH._. M ks L _.__...._1 __.___ __uu__n L BT ._L .,.H .....__. _._.__ el it .L._lh_r-l...r... [NV LS S RY .m_. A ..__. |_... Ty J..... T DTN .___.._-. J_.._..“_.H .,._.._.._.__. [ ._.“_. M. ,._.U.__. - .ﬂ“..__.u. .......-.._ _._n F ..._.«lw qu.-.,...._-.__... Wi ......___ A r....:.__... ,r..... R L.:_.__ R b
LETT LA R IR - -t N el S T T SN AT i I, ._.. L LR PR IR A R fidmer o -t -
" - | - - o ._.. - - [ . . I Lkt 1 .._...-l. ..r.. v r.......,.... T4 -
... "= P xf 7 7 TSy T ..“.__. ,”..-.. .m. _q iv, LE .“.. .“.__._..-._L ' i ..u.. ,ﬂh ..M T..Tfa.ﬂ:m. . _.._... W A r._.\__n..L «lm A it W w.__ AP TYS LA T
Ty M. __..n.____ _._|. _ ._..m_. .m..__-.-_m...- _q.w_ ...u....“m_. .n.r iyt .__.....___ MLEN T PRI L RPN .__: ., LS .__: fu. - e F
n-.L- PR .l. n..—..- .-. .l.. n-Fr ....l L - T - ...-.; L .._ H._.. i .“ " 1:.““ ] -HIH.H Y
y - T - I.\- ~— - |-I g I.l.“
. v T or T TRt SR AR AR A - AL AL e D]
: FFIEVYYLILLLYL {10 AQCTE YT T-206
i LY LY Ly LY A L LY L L LY YYY LY YYY LD DL LD :
o O L LI VINT T F“_._.,u_.--w.ﬂi__...,..._ SRS LA A AR VA A R I R I IR v P I - R N o g vt L
o - - - B S-S Y I IR T _.|I.... o ...l.. S ! -. b by LT 1_ g, A A Yidw - i - . Vs - - - 1 ! o T ....I_ ll.._..._ |
- Tk " T T LY rl‘_wm m” r,"_”w ._.4-_... -.w _....__-.“. ".-1..._.._“__._..__...||.ra..|“.L..-_._. ____L-._fa._L_.._ ... .r___ l...r-l._.m”. ' .__" St L * , - |_....- i Y " fl.__lr|.n_.. |1 .ﬂm M l“ _.,ul_. H uln._._h___. t- _.,l._“__.u”M_ﬂ..H xl.__...l._ FURN A -
..w " i1 w_r._. __m_ 1] |rr L - I - - L P S e N .____.._.J_ w " M._.____ ._ ...___ ul [ I I r.-.__.. - ' L
LI LB R L BN | m_ . w l-.... - w..\ __...._.. ﬂﬂ.._. ...L_.. .lq‘.._.w ' ﬂrl\_.l.. .r.._..._.h. 1. im..- &l _l__.l____l:. ...I_L_ﬂ..l .h._..l.._.._-l
. - ... N T 25T I 1 ] [ I + L - .lr..l. ._r.._ ~
. - .- R - M .._1..- ' = i T e S I i . T i __..J___ I -_ L r , Las i1 -..I.__u..r.._- ..-F.__u -_._r.__?l. - ‘
" M.-rj_....i._.. l- r M ! . .._r.w .f__.m___.u Lo r... . ...._.._.l___l...._.rl.‘_m._...Ll.r.-l.rm r_..____ ...-mm (B Mfl.___wm..._ .".._ wl.__ .l.l.. rl.__.'.r.__ -l b Tr.. -.. w.__.lL_r_l ". _,..._.7
L _.L_ (T I IR I T el b . - s e ormy s e S .". - _M.. .___.. ."\“_.._..I
. e - ! mgm .____....._v A u...m: a1 s 4+u.|-w..._..____\..r____ oA -_lu__...___ !
- -y 0 L ._..l.- -l ....-....___.. ! .-.l. ._4__.. r|l.-. .M_ 4 i 1 ! .q L, AT - P —“._._.. .q .1._.. b —“_. = [ - |-.v e [
._Jmﬁ S T T ) .__x..___.w..:.... T mu.._... .1_..._.-,.!..,.1.____...1. ."w m M Ry .‘_....... __,_:_w M 7L L il - T
’ -. l I.- = ) -.l |.l i albu_r_a g T L s v RS + - ; )
- - ~ - T aly 1._;..____. 3__ .1 ,. SN __-.thz : ._;..___.w TR “_.L.‘,..F.,..m_,,h?:w.. ,_.. Cubnaln /i / . i o T Sk Bl M s Faide
) - . .- r l....u.1..... ._. ._. ._....._..-... ._;.L__-.l. [} J._.Jrn._.‘_. - m_.._ uu._... _-. ._ ) L LA IR R T I I R FI B T ..r_. Ll - s .____. r .-._.r.....__-r..“_..u =" ! .“ h___...'_“.._. _“ . _..w__.t" ...,.__.‘.“J_ ﬂ.___...l.u.,lﬂ-.___.r_.r..._
5 .u.....r..u..-. w _...J_r“- M-__. i T t..k___ ! ._..ﬂu__.r M .r_. A - l.q_r_-...l,.__. Yo .,l. al et _|.._. 1_.........__-.-...._... - _ﬂ“ I.-._.”.___-.____J.-....ﬁ__ ____..4___.H._H.-. IR _ _.““w l.uw -l"i._ ﬂ.____. [ i ._..1_,-. ..._._ __H__. ._........ w ...r “.- Wl T W vl oo
r a_rl - s L T irtiaa ..... ' - T R e N " L i r o l .
L 4 - . -, . . - r - et N o L N A FRN TP N R T N R re e
oy r Wy POT \;qughr,.__ﬂ___:___.u._,-_. Ty _.u _ﬂ.. LN _.___..._....J L.. ' .ﬂ__ REPE Y ...r_. i _ﬂ..::. Al Y _.E_.m T ﬂ. laf W W w < N )
AN T = A AR A R ..,.1___.“” ST PR PRy N A v vl PR S PR v it DRV P PR I PRV N gl R
..,.“.._‘ . _._ﬂ... ,... .:.w SR NES TRV R TR S, _.E - Sestidrnds Lt i o p e ow w1t
| Lo - Ty At v NI A B S SR P, I I S
- e L LT - THEETIa0WS
ST L LYY IV LLYIOLYYYLL (T0G) AedgEFE v l-aleLiTy
L ._“..__ e -~ S Nl i i St HRRAY M. r_.ﬂ.z ...u ..__..” .“ S PTUET A T PR I A Y AL VIS PRV PITS FRLAL E . .
) - gy oy .,.1..”.44 Tt ”w.. J.._q.u__x.. TETN, .,........,..._.wﬂ.u_q.. _.“x .,.“| ,._.ﬂ.z .“.._-H.x“ ....H ...M M u...r... M.-r.._.r.r Vo, q._,.. W Ly L Aa) s L o . . R
TN TR 5..:__3.,_..PHJF ...w b_._ _._.....__.....q. ...n_rL“_H.E : ML e Y LS W e, T —~ T J.Ju.ﬂqar..!. ..w?..uﬂ+ H iy a ATl TN
R A (AR AP _.u_ TR R ] ~ Y T T rT bLYE f.ﬁ bl v Wit vl ks
,__.___, (I R .1_.... R e 4. - n s i .__ H i . YT | HH... i J..m.. u_.. Lhrntaniatty ks v _E...x_ W ._.____ YRS, ::f..
- - -+ - .... = e .. : L -Fn .h_.-. F.I.. [N -y = =
N Y Y LY LYY Y O L AN LY L O A O LY L L L L OLDYY LD ia M .
T ....T‘._...-. |“.| J-;,.....-M..-n....:._mq.ﬁl..-...h.- H ..u....“.ﬂl_--..r_.l wr.- L.r.[..__m Il __” _I-L. L _ll ...-__H " ud _FL.__. ....F l.. ...:._. ....t.—.— L b h 1,4 _.- L1 Fl _l-__l. el - | _..,. .ru
o e AN -l o ) - - e BN L LR R TR
e iwm pmy = w apm Ty, I r 4 _.ﬂ-_.r.
- - e - . | It
. Ry . - o, T 'y .ﬂ -.._r__._.i_..-.... ..M..__...__..Mj.r -..-Tu..l-” .—‘. - h__“..‘._. .____.u. “ -- |._. .1,”- M.fjw m.“.._ .__“...H. ”..“_m \...”\ r.._. .__“.__.I. wl _”_._ _..,....__ Nﬂ\ i Ai. .n___. r..___ - 1..._1 [ e
._.,r__ A.].... ._r.._m. h : T ) n.ldt._.ﬂ S M. ..l ._.I...' ﬂ.w ..m1 J...-.__..r___ i .- Ay __I.__.....u..-__ .-._.._....... -_rl.- _..".p .w.. r..k__.r.\ .l m.-.u_ “ﬂ.- f.lv.r ..l._ N N N . b AL P !
T T ~ ._. " PO B BN TR e, Wi _;._....__‘..._...__J_..r ..____.u_w J __.w u__ M.. __..__ .w .HH. _.____..."...___._"L....__r M.- vt e e e (M o - , R . T ._.H . ._...__..E.r.._.._
=T IR AR N ARSI AN AT PN P PR Rt R L VIR Y S 4t - oy - SRR IRRRATATA LY { T /™R . JNM_H., e T oA AN
v .w. h |.....____.. ‘ __...__u__“.. 7 . | ﬁw ...___.. ...u _.H._ - ._._.. .". __..u.m :..__ ......_ ..__.... W ...._-r...__ PR ..._._....L...... e e P DTy T .n.r.,_ T TN TN T Y oy T T .___.l .__._. ....I_‘. . M. J..._....-.. .r.“u M ..f.___....u__“n..._._r. ..H_‘.‘ .wq ____ m.. .m;. - L - _r.._..* w. i e + f e Ve A =
LY PR TTIPR AL N e - s R —— NI A___.__l... 'y .1 TN T LR it okt Yordys ......__..__Efu ARVF TR N FETIN TI PP PO I N !
- ~ TT T T T T TN TTITN TS ..._..u._...n. ﬂ.__. -+ ."_...___ _.n_..“__. M 1 ”mq .... ety ._....__...... it Aot At W ] .
[ ri il T AT T i I ! R i ! . ...; | U F _..__. i - T e 3
M ___w..._ﬂ- l“.. -_ am...mw]a.1._. l-..““..“‘. m-_r. _ﬁh.r.,_ |I-mq _ﬂ_. ...HH-H....I._.__J. .__..ﬂu.__‘ F.- ..“..;...._nw|-.| ..ﬂ-..._‘.._lnau.r..l-..l._.r.l ..f.__..l.\‘r.-..'.-...rp...-_b |...—.-_ -..-.l. Pt A, '.-.l_qrr.-.._ .-_”_ o ._'...‘ ¢_I
F.l...F - J Y4k .- - PRI Y - ! ma = 'y * o T _.._.l
. - .- - L H ™ .n.. _.|._ = -F._.. h.. —_— _ ] ...-. - ru.. ] B ..*._ | .:_...l"_
1.....- —_ - - _.-..-_..r h A ll._-. Ll.lJ‘_-.' “ﬂ.l-h .-.._.. hq.l:h_..r .ﬂlnh ”__Ll . w ﬂ..- - __...l.,” ._.aL.q_.__- “_. “ ._n_..l.u.__.-_-. ] .-.-_.L. _r..l..- ..._.ul n..,..w ~ _..._..._. .”.q _“..1.-_ W.. ._“...._ ". ..___._..._. _...-.._._. ﬁ“r |11I.- L W [ - w
[ " e vy o myn - T T ..1..... . w - .:... i. Wy a_F1 _.Ll. - RS T - )
g __ .__.... .”Ih .. - i " T N - T T _..f._.a:. ._"_ ..“_ .I.... IR ._"_ r_._._...m_.. l“. ...”- ._._.J..._..v___l_.__...__ﬂﬁ. ....__._ ._._..II..u..u _.“.“ H. .r._...._-__:.a ...l.. .___1_ ._..__1_ ....__- .I_L_T.u... _._.1_ ...-n .._...i. FA L A, LI P A LT + ._ S P
1 LRI ] ‘. i A 1 .._ll-L -I.__ .-.l .__l.__ .“-.II..- I i ! . ."w ._.... et e i e d ._.l....r. ey Wi, r =t m Wt ' - == i oamy Fil Y o T .___.._1.. - ._,....l. !
e .._.Ll.lf.. E ._.u.___u ..-.J.. Iﬂ _..__._.._.._.._.__.._r.l“‘- ._". __...._.___q.m_uﬂ ..__._... ”._.._'_..r ' ..“-" .r." _.._r_.._rq.h ._._..__1_._.l_._.r.;.m_-.....m_r\.“ ..._.._H._..-._.._._.q_.__l.__._r.u .._..l_l.. ._. ...___”. ..H . f..__n.. l_l._m.r.- AT I PN FSRTREEE T PR I - - . ._. oy ;“__- .- ﬂl F " .-H...__...ﬂ.i__ ﬂ.._w__ .I JJ.“_..__ ..1-“...-. m.a_-. ._.nu..“. u.l. ln.__l .-_. .." i ._.vq..._.._.. _“ 2 %) ........_“_ _“..“_. ﬂ‘- _.l.\_ p.._ .-_..r_....
ﬂ .1...1 _....__-i.._. AN P R LT Lo d et - . e empm - - - .._.1.:_. h T i St .... ..-. _.. |.. \ ._:. LA r.'.r. int AR L ) ¥ . "
o ._.._ |___... IJ._ ol 7§ . A t.....,. 3 m_...:..__.._.r.__. 1 ___l._... ._". .-m i ..n....." .Jr....h....n.....!..l"L_.l__l..H..lu.._.r .l.. _r.-L_ r“..-.._r... ! vﬂ ﬂs.-___.__.. rl.ﬂ._ﬂ | W .r.. .-.. ﬂ_r._l..t...___vr. r__. _.ﬁ. ot ﬂs- R _ﬁr.l
.- = e el y L e N L P u v} _.. - ok e i a e A - - A Nl i
L __q_.rﬂ i ﬂ‘._w__...u_f.m.li _al.-. _.-..M.‘..J_...n_l_._d....ﬂﬂ-..l.“.h 1m._al._.-|.._‘_..ar..m.-__ldr1 -L__l"l..r."l-u."_.._ _"_.rﬂ_“ L ____.r ...l_. - ﬂ._ﬂ n‘l __ﬂ.r. k! ..-... - n__l ﬂ_l -.l - 4 - 3 .“l.h -
‘ i b - (- - - - YT
: R ALY BT - 06, TS LT (U
Yy ' _-.I.- ...l_ﬂl . _1 |. _1ﬂ. ...I.J.__. ln.l. ﬂ. .. w ﬂ_ “.‘ “- H J-. ﬁ ."... _“ .h.n..wl__.ﬁ....-.l Mﬂ N.__ rﬂ.._ .“u -“.1.. r__. r_.H‘. . _U..la- _._F_- ﬂ...__ L -ll.. .._.._. - ....-.- L
._.:_ﬁ. J .".l_ ' I.- - L 2 l.- L r L e T - # |__1.l.. - ﬂ- ' 1.-.___..__1. J.-.li-“.‘.J_...H H _.-r M_ ._.“_“. . : .:‘ ._. ..._ a-‘ .r-l_ .“__ 1"_ w f_‘ .r._l-l.:_l. __-‘ Y Ll " & o
LI -1._. -. 1l.-.1 Ja.k‘l 1 .I.l..f 1L F] M .lr_,. m__ _ra i b [ _i-_ __f . ..‘ [N W N R P
- - - - mew R R o aen _-. i | ' w __.. _...r.. oL _._._.l (MR IR C L VA I LA T
. - .l.. -- ™ 1. ' l.—- -.--l r T .ﬁl.{. i " H‘.J_. i -.‘ ‘.H m_ ‘ A ._. ..‘ -I-.I.__._-_.I Aoy ..._.-I-I.:I_Iir Pda. A, LY _l._.nl.-.ulnff
T RYEYA RSN A RATAY M IS I R s b dausd oo v s 8 W W s S Wi
e w ST TINE NI T A SR R PR T AN SN HO I LI I PO 13N

- A R RATA R £ N AT _.m .
L -.-._.-. ar ._-T -ml n-. r -..L..-._._.-..l...a. ﬂ..__ -. I .ml _ﬂll _"..._-ﬂh;._ .ml ..h.-!_lf..__‘..w .“Jd.-.-n-..xn -.f.u_ n-.‘_. _.rﬂ. H __”_.I a....i‘._l-.l .H n-.m__.r._ -.h- E_. -r.__. r_ﬂll - b
-, - l- ' r ] LI .ml r o=, ' J.I.n-..__ r .- u__ - H _ - .
COrASST Ve o ] w.r"u i w M....:-. FAAVIRY. “..__L_r\_ Y 1__. - .__._q -

! mam - N I S T i SR SO -l
. VL) W2 To SRR ST v g bl SN
oL " N P I BT A _L- Vo sy
: .r.L (M . \ I
m.‘. - i _I-l-.. b L __.r._“-.l .._-I-.I I-I-r Fianl .._..._.-:l.L I-l_.-.l.- N | ..._ ._ ._1.._7 —_ |
ARV AR, ) PR T I _,
ALY .L._L-rx?..__...:.r WOV H__ ... ot e __,{,_.. . . - B
YLIOIIONYOYOL {TOT) A IRL LGP R BT 006,75 T ONUS
- T Inu .1r,. W T |-.n J.._l = ! ! _.r L . - St - 1 - ! wa B L) - -
1. .__ﬁ .. - * * 0y 3 Fa TV .-r -_.- £hL Hw“ ' . | ! ) o A _.r.1. ah i h...rJ_ % L —.- 4
__l__ _.l .ha. “ oy . . s e oyt T SRR .a_".h.1 T g .f_.._wlq._.llnf_. r J“.J._._u..__.._m..q..l.. __.._..h 4..__..__F ...__.H .|“L...1“l_ ’ ._n_.._. _.__.H L e e _r..u: W] d r_m u...r.._.-_,...._.._.l.L_.l.l_ .. o
5 M e i T I LT A T B mm L P ndoon VW i ool v MY ke SR U - P — i — ,.J_.__.vw O o B o Sl by
am ....,._... 1 - e il & & _.]......_._ 3 d...___-. R e il u__._.u ¥ R FI ﬂ_ﬁ _.__...J.“__ N . I...___.. ._.L"..._..m. LI .h..m.Lr,-. L TR TR T .,.......__l. It . and . .. - .ﬂ . - .. .... s ”__..1 i | - ___.}.”.__ | m o 1 ﬂ._.. : e
Gt WA coche o WS NN .M ¢ I Wk W AT AR TEEN TR IS F R T F FE T T T 4._.;1 LT T T ey T L A A A I FI IR PR P I R P :x slanlin S Y A VR - .
S Y - S — HEESS - h.:L__.: £y X ;
Ty T Ta VT PR ) LM .-. ..._...__l F . * . - ] r L. & .rL ...-. _.l.__. _.ILI- ......rJ_ -...u..n -
K i W yrov o R A o S R S A o m_ K Wt N sl I R g —_ -
- - - NN T T.- __J.__ M i g e .mu_.,nﬂ_,,rr..-__..xL 4 ..._.m .:.rw...__i,r-x@ _..L.:.r.. L T I PR \__ ;-ELE.. ,:.._ .|
w.".M Ve L_J__ i PR S ViR S PR i L) Lr__rh.__u. SRV LIS L 0T o
an: L ) . PR RN .—nl. _.l.. 1.I. .—nnl - r _.__..l.' _\l ! 1.._... - - i “ r A i -
cn — - .T . .__..l,_..___ S Fy T T '} T m n....r.._.”.u.r.H .n_..m.ﬂ _..__.__ ”m.ﬂ.- ". ”,“_“ ..l.‘_..__“..._....__ ._.___.-_. RN P T d .
e e ., .,_.A., A S .-,_..__ H ﬂﬂw.__,.__w .M __ - _.. LS N N Y] YL i
L WA > -.Ql_...._“u-.... T VY [V T 9 ._u ._......____.__.._. : ,___. " ”w..._h S ....._..__....;.r..__.__._ U T R .
SV T W - -- ™ I,....n._. .ﬂ. _...._.I,..._rn... ._..J..__.n ...an..____.ﬂ _...mu__ HLY ' m.._...._.- AT R i el " o
cmgn “9 r T ._.._.“. ﬂ.”_-. q..__..l,r..n__u s i e ur\l.....ﬂ. J..._.n.ml.u. ”m. i 1 .”w.. . ._..u L. oo ._.-_ .._t_ L._.r.___.F AT S B . | ....J..lw_. - ..r.._ _...-___..._..l:__ lI' ¢
T -.l ”w...ﬂ.___ﬂ.m-. __u.- J.....:l. T .ﬂ-ﬂ.m..nj..._.n...a...____r....m“ “.- ___ _h- _.__.l...-rl.rl_.._...n_ ...|.-_..= ...... A= .-.L..-.l ...... .r......- = ) ._l._.n_.u.ﬁl N l-.ﬂ.;lr .j.,__ _ ..1 .-a..a.l ....... N ...-._..,_____.....1..., - ._._. “.. _“. __._....._._....._. 71> 3
- ' - . [ K _.I .l ' - l....j_ - - .1 .l.-. r.. : -...I _ -. .
AETALIALE A ...__f_._ ..k e Lt L et e NPy e W ...J :.4;4_. IR A PR .n.__,_ﬁ_..,., .___1_. oyt LT H_ _.L“ M T Y .M SRR RERS ....._____. f._..L
. J:ﬂ. .-_-._._ﬂ .- }..m.,,.ﬂu.nl_.f__.. Iy Mf J_ ::._:m Jo R I e Ml e g Y AV
-- . T T urllr..' e ol .7 .n..m._ﬂ _._..J_ .mn__.__- _._..l__ ._._._.u -—--.L—_.r..__. fr-_‘ P _.-.. LT LT T .
¥ Hr.:. AT RV RN ERv I I TRATY A m.ww U

-
r “-

1
N0

8 Do



US 9,719,101 B2

1

SOYBEAN GAPD PROMOTER AND I'TS USE
IN CONSTITUTIVE EXPRESSION OF
TRANSGENIC GENES IN PLANTS

This application claims the benefit of U.S. Provisional
Application No. 61/955,256, filed Mar. 19, 2014, and herein
incorporated by reference 1n 1ts enfirety.

REFERENCE TO SEQUENCE LISTING
SUBMITTED ELECTRONICALLY

The othicial copy of the sequence listing 1s submitted
clectronically via EFS-Web as an ASCII formatted sequence
listing with a file named 20150304 _
BB2233USPNP_ST25_SeqgLst.txt created on Mar. 4, 2015,
and having a size of 69 kilobytes and 1s filed concurrently
with the specification. The sequence listing contained in this
ASCII formatted document 1s part of the specification and 1s
herein incorporated by reference in its entirety.

FIELD OF THE INVENTION

This invention relates to a plant promoter GM-GAPD and
fragments thereof and their use 1n altering expression of at
least one heterologous nucleotide sequence in plants in a
tissue-independent or constitutive manner.

BACKGROUND OF THE INVENTION

Recent advances 1n plant genetic engineering have opened
new doors to engineer plants to have improved characteris-
tics or traits, such as plant disease resistance, insect resis-
tance, herbicidal resistance, yield improvement, improve-
ment of the nutritional quality of the edible portions of the
plant, and enhanced stability or sheli-life of the ultimate
consumer product obtained from the plants. Thus, a desired
gene (or genes) with the molecular function to impart
different or improved characteristics or qualities, can be
incorporated properly into the plant’s genome. The newly
integrated gene (or genes) coding sequence can then be
expressed 1n the plant cell to exhibit the desired new trait or
characteristics. It 1s important that appropriate regulatory
signals must be present 1n proper configurations in order to
obtain the expression of the newly inserted gene coding
sequence 1n the plant cell. These regulatory signals typically
include a promoter region, a 35' non-translated leader
sequence and a 3' transcription termination/polyadenylation
sequence.

A promoter 1s a non-coding genomic DNA sequence,
usually upstream (5') to the relevant coding sequence, to
which RNA polymerase binds before initiating transcription.
This binding aligns the RNA polymerase so that transcrip-
tion will 1nitiate at a specific transcription 1nitiation site. The
nucleotide sequence of the promoter determines the nature
of the RNA polymerase binding and other related protein
factors that attach to the RNA polymerase and/or promoter,
and the rate of RNA synthesis. The RNA 1s processed to
produce messenger RNA (mRNA) which serves as a tem-
plate for translation of the RNA sequence into the amino
acid sequence of the encoded polypeptide. The 5' non-
translated leader sequence 1s a region of the mRNA
upstream of the coding region that may play a role in
initiation and translation of the mRNA. The 3' transcription
termination/polyadenylation signal 1s a non-translated
region downstream of the coding region that functions in the

10

15

20

25

30

35

40

45

50

55

60

65

2

plant cell to cause termination of the RNA synthesis and the
addition of polyadenylate nucleotides to the 3' end.

It has been shown that certain promoters are able to direct
RINNA synthesis at a higher rate than others. These are called
“strong promoters”. Certain other promoters have been
shown to direct RNA synthesis at higher levels only 1n
particular types of cells or tissues and are often referred to
as “tissue specific promoters”, or “tissue-preferred promot-
ers” 1f the promoters direct RNA synthesis preferably in
certain tissues but also in other tissues at reduced levels.
Since patterns ol expression of a chumeric gene (or genes)
introduced 1nto a plant are controlled using promoters, there
1s an ongoing interest 1n the 1solation of novel promoters
which are capable of controlling the expression of a chime-
ric gene or (genes) at certain levels 1n specific tissue types
or at specific plant developmental stages.

Certain promoters are able to direct RNA synthesis at
relatively similar levels across all tissues of a plant. These
are called “constitutive promoters™ or “tissue-independent™
promoters. Constitutive promoters can be divided nto
strong, moderate and weak according to their eflectiveness
to direct RNA synthesis. Since 1t 1s necessary 1n many cases
to simultaneously express a chimeric gene (or genes) in
different tissues of a plant to get the desired functions of the
gene (or genes ), constitutive promoters are especially useful
in this consideration. Though many constitutive promoters
have been discovered from plants and plant viruses and
characterized, there 1s still an ongoing interest 1n the 1sola-
tion of more novel constitutive promoters which are capable
of controlling the expression of a chimeric gene or (genes)

at diflerent levels and the expression of multiple genes 1n the
same transgenic plant for gene stacking.

SUMMARY OF THE INVENTION

This mvention concerns a recombinant DNA construct
comprising at least one heterologous nucleotide sequence
operably linked to a promoter wherein said promoter com-
prises the nucleotide sequence set forth in SEQ ID NOs: 1,
2,3,4,5, 6, or 39, or said promoter comprises a functional
fragment of the nucleotide sequence set forth in SEQ ID
NOs: 1, 2, 3, 4, 5, 6, or 39, or wherein said promoter
comprises a nucleotide sequence having at least 71%, 72%,
713%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%.,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% and 100% sequence
identity, based on the Clustal V method of alignment with
pairwise alignment default parameters (KTUPLE=2, GAP
PENALTY=5, WINDOW=4 and DIAGONALS
SAVED=4), when compared to the nucleotide sequence of
SEQ ID NO:1, 2, 3, 4, 5, 6, or 39.

In another embodiment, this invention concerns a recom-
binant DNA construct comprising a nucleotide sequence
comprising any of the sequences set forth in SEQ ID NO:1,
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ 1D NO:3,
SEQ ID NO:6, or SEQ ID NO:39, or a functional fragment
thereof, operably linked to at least one heterologous
sequence, wherein said nucleotide sequence 1s a constitutive
promoter.

In another embodiment, this invention concerns a recom-
binant DNA construct comprising a nucleotide sequence
having at least 95% i1dentity, based on the Clustal V method
of alignment with pairwise alignment default parameters
(KTUPLE=2, GAP PENALTY=5, WINDOW=4 and
DIAGONALS SAVED=4), when compared to the sequence
set forth in SEQ ID NO:6.
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In another embodiment, this invention concerns a recom-
binant DNA construct comprising at least one heterologous
nucleotide sequence operably linked to a promoter region of
a Glvcine max eukaryotic glyceraldehyde-3-phosphate
dehydrogenase (GM-GAPD) gene as set forth in SEQ ID
NO:1, wherein said promoter comprises a deletion at the
S'-terminus of 1,2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 135,
16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34,35,36, 37, 38,39,40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 30, 51, 52, 53, 54, 53, 56, 57, 38, 39, 60, 61, 62, 63,

64, 65, 66, 67, 68, 69, 70, 71,72, 73,74,75,76, 77,78, 79,
30, 81, 82, 83, 84, 85, 86, 87, 83, 39, 90, 91, 92, 93, 94, 935,
96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108,
109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120,
121, “22,1235124,125,126,L27 128, 129, 130, 131,
133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143,
145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,
157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167,
169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 130,
181, 182, 183, 184, 185, 186, 187, 138, 189, 190, 191, 192,
193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204,
205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216,
217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228,

2295230,2315232,23352343235,236523752385239524Oj
241, 242, 243, 244, 245, 246, 2477, 248, 249, 250, 251, 252,
253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264,
265, 266, 2677, 268, 269, 270, 271, 272, 273, 2774, 275, 276,
277,278,279, 280, 281, 282, 283, 284, 285, 286, 287, 238,
239, 290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300,
301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312,
313, 314,315,316, 317, 318,319, 320, 321, 322, 323, 324,
325, 326,327,328, 329, 330, 331, 332, 333, 334, 335, 3306,
337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348,
349, 350, 351, 352, 333, 354, 335, 356, 357, 358, 359, 360,
361, 362,363, 364, 365, 366, 3677, 3638, 369, 370, 371, 372,
373,374,375,376,377, 373,379, 380, 381, 382, 383, 334,
335, 386, 387, 388, 339, 390, 391, 392, 393, 394, 395, 396,
397, 398, 399, 400, 401, 402, 403, 404, 405, 406, 407, 408,
409, 410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 420,
421, 422,423,424, 425, 426, 4277, 428, 429, 430, 431, 432,
433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 444,
445, 446, 447, 448, 449, 450, 451, 452, 453, 454, 455, 456,
457, 458, 459, 460, 461, 462, 463, 464, 465, 466, 467, 468,
469, 470,471,472, 473,474,475, 476,477,478, 479, 430,
431, 482, 4383, 484, 435, 486, 437/, 483, 439, 490, 491, 492,
S04,
5035, 506, 507, 508, 509, 510, 511, 512, 513, 514, 515, 516,
217, 518, 519, 520, 521, 322, 523, 524, 525, 526, 527, 528,
529, 530, 531, 532, 3533, 534, 535, 536, 3377, 538, 539, 540,
41, 542, 543, 544, 545, 546, 547, 548, 349, 530, 551, 552,
>64,
563, 566, 567, 568, 569, 570, 571, 572, 373, 574, 575, 576,
77, 578, 579, 580, 381, 382, 583, 584, 385, 586, 587, 588,
289, 390, 591, 592, 593, 594, 595, 596, 597, 598, 599, 600,
601, 602, 603, 604, 605, 606, 607, 6038, 609, 610, 611, 612,
613, 614, 615, 616, 617, 618, 619, 620, 621, 622, 623, 624,
636,
637, 638, 639, 640, 641, 642, 643, 644, 645, 646, 647, 648,
649, 650, 651, 652, 653, 634, 655, 656, 657, 638, 6359, 660,
661, 662, 663, 664, 665, 666, 667, 663, 669, 670, 671, 672,
673, 674,675,676, 677, 678, 679, 680, 631, 632, 633, 634,
685, 636, 687, 6388, 639, 690, 691, 692, 693, 694, 695, 696,
697, 698, 699, 700, 701, 702, 703, 704, 705, 706, 707, 708,
709, 710, 711, 712, 713, 714, 715, 716, 717, 718, 719, 720,
121,722,723, 724, 725, 726,727, 728, 729, 730, 731, 732,
133, 734,735,736, 737, 738,739, 740, 741, 742, 743, 744,
745,746,747, 748, 749, 750, 751, 732, 753, 754, 755, 7156,

493, 494, 495, 496, 497, 498, 499, 500, 501, 502, 503,

D53, 354, 555, 556, 357, 338, 539, 560, 561, 562, 563,

625, 626, 627, 6238, 629, 630, 631, 632, 633, 634, 635,

132,
144,
156,
168,
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157,758,739, 760, 761, 762, 763, 764, 765, 766, 767, 768,
769, 770,771, 772, 773,774,775, 776, 777, 778, 779, 730,
181, 782,783, 784, 785, 786, 787, 7188, 789, 790, 791, 792,
793,794,795, 796, 797, 798, 799, 800, 801, 302, 303, 304,
305, 306, 307, 38038, 309, 810, 811, 812, 813, 814, 815, 816,
317, 818, 819, 820, 821, 822, 823, 824, 825, 826, 327, 328,
329, 830, 831, 832, 833, 834, 835, 836, 837, 838, 839, 840,
341, 842, 843, 844, 845, 8346, 847, 848, 849, 850, 351, 852,
353, 854, 855, 856, 857, 838, 859, 860, 861, 862, 863, 864,
365, 8366, 867, 363, 869, 870, 871, 872, 873, 874, 875, 876,
377, 8378, 879, 830, 831, 882, 833, 884, 8385, 8386, 887, 888,
389, 890, 891, 892, 893, 894, 895, 896, 897, 898, 899, 900,
901, 902, 903, 904, 905, 906, 907, 908, 909, 910, 911, 912,
913, 914, 915, 916, 917, 918, 919, 920, 921, 922, 923, 924,
925, 926, 927, 928, 929, 930, 931, 932, 933, 934, 935, 936,
937, 938, 939, 940, 941, 942, 943, 944, 945, 946, 947, 948,
949, 950, 951, 952, 953, 954, 955, 956, 957, 938, 959, 960,
961, 962, 963, 964, 965, 966, 967, 963, 969, 970, 971, 972,
073,974,975, 976, 977, 978, 979, 980, 981, 982, 983, 934,
985, 986, 987, 988, 989, 990, 991, 992, 993, 994, 995, 996,
997, 998, 999, 1000 1001 1002, 1003 LOO4 1005, 100(5

1007,
1016,
1025,
1034,
1043,
1052,
1061,
1070,
1079,
1088,
1097,

1008,
1017,
1026,
1035,
1044,
10353,
1062,
1071,
1080,
1089,
1093,

1009,
1018,
1027,
1036,
1045,
1054,
1063,
1072,
1081,
1090,
1099,

1010,
1019,
1028,
1037,
1046,
1055,
1064,
1073,
1082,
1091,
llOO

1011,
ﬁh020
1029,
1038,
1047,
1056,
1065,
1074,
1083,
1092,
1101,

1012,
1021,
1030,
1039,
10438,
1057,
1066,
10753,
1084,
1093,
1102,

1013,
1022,
1031,
1040,
1049,
1058,
1067,
1076,
1085,
1094,
1103,

1014,
1023,
1032,
1041,
1050,
1059,
1068,
1077,
1086,
1095,
1104,

1015,
1024,
1033,
1042,
1051,
1060,
1069,
1078,
1087,
1096,
1103,

1106, 1107, 1108, 1109, 1110, 1111 1112, 1113 1114 1115,
1116, 1117, 1118, 1119, 1120, 1121, 1122, 1123, 1124, @25,,
1126, 1127 1128 1129, 1130, 11311 1132, 1133, 1134,
1135, 1136, 1137, 1138, 1139, 1140, 1141 1142, 1143, 1144,
1145, 1146, 1147, 1148, 1149, 1150, 11511 1152, 1153,
1154, 1155, 1156, 1157, 1158, 1159, 1160, 16h,,“,62 1163,
1164, 1165,1166,1167,11638,1169, 1170, 1171, 1172, 1173,
174, 1175,1176, 1177, 1178, 1179, 1180, 1181, 1182, 1183,
1184, 1185, 1186, 1187, 11838, 1189, 1190, 1191, 1192, 1193,
1194, 1195 1196, 1197, 1198, 1199, 1200, 1201 1202,

1203,
1212,

1204,
1213,

1205,
1214,

1206,
1215,

1207,
1216,

1208,
1217,

1209,
1218,

,h210,
1219,

1211,
1220,

1221, 1222, 1223, 1224, 1225, 1226, 1227,
1230, 1231, 12312, 1233, 1234, 1235, 1236, 1237, 1238,

1239, 1240 1241, 1242, 1243, 1244, 1245, 1246, 1247,

1248, 1249, 1250, 1251, 1252, or 1253 consecutive nucleo-
tides, wherein the first nucleotlde deleted 1s the cytosine
nucleotide [C] at position 1 of SEQ ID NO:1. This invention
also concerns a recombinant DNA construct of the embodi-
ments disclosed herein, wherein the promoter 1s a constitu-
tive promoter.

In another embodiment, this invention concerns a recom-
binant DNA construct comprising at least one heterologous
nucleotide sequence operably linked to the promoter of the
invention.

In another embodiment, this invention concerns a cell,
plant, or seed comprising a recombinant DNA construct of
the present disclosure.

In another embodiment, this immvention concerns plants
comprising this recombinant DNA construct and seeds
obtained from such plants.

In another embodiment, this invention concerns a method
of altering (increasing or decreasing) expression of at least
one heterologous nucleic acid fragment 1n a plant cell which

COmprises:

1228, 1229,
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(a) transforming a plant cell with the recombinant DNA
construct described above;

(b) growing fertile mature plants from the transformed
plant cell of step (a);

(c) selecting plants containing the transformed plant cell
wherein the expression of the heterologous nucleic acid

fragment 1s 1increased or decreased.

In another embodiment, this invention concerns a method
for expressing a yellow fluorescent protein ZS-GREENI
(GFP) 1n a host cell comprising:

(a) transforming a host cell with a recombinant expression
construct of the disclosure comprising at least one
/ZS-GREENTI nucleic acid fragment operably linked to
a promoter wherein said promoter consists essentially
ol the nucleotide sequence set forth 1n SEQ 1D NOs:1,
2,.3,4,5, 6 or 39; and

(b) growing the transformed host cell under conditions
that are suitable for expression of the recombinant
DNA construct, wherein expression of the recombinant
DNA construct results 1n production of increased levels
of ZS-GREENI protein 1n the transformed host cell

when compared to a corresponding nontransiformed
host cell.

In another embodiment, this invention concerns a recom-
binant DNA construct comprising a plant eukaryotic glyc-
craldehyde-3-phosphate dehydrogenase (GAPD) gene pro-
moter.

In another embodiment, this invention concerns a method
of altering a marketable plant trait. The marketable plant
trait concerns genes and proteins involved in disease resis-
tance, herbicide resistance, insect resistance, carbohydrate
metabolism, fatty acid metabolism, amino acid metabolism,
plant development, plant growth regulation, yield improve-
ment, drought resistance, cold resistance, heat resistance,
and salt resistance.

In another embodiment, this invention concerns a recom-
binant DNA construct linked to a heterologous nucleotide
sequence. The heterologous nucleotide sequence encodes a
protein mnvolved 1n disease resistance, herbicide resistance,
insect resistance; carbohydrate metabolism, fatty acid
metabolism, amino acid metabolism, plant development,
plant growth regulation, yield improvement, drought resis-
tance, cold resistance, heat resistance, or salt resistance in
plants.

BRIEF DESCRIPTION OF THE DRAWINGS
AND SEQUENCE LISTINGS

The invention can be more fully understood from the
tollowing detailed description and the accompanying draw-
ings and Sequence Listing that form a part of this applica-
tion.

FIG. 1 1s the relative expression of the soybean eukaryotic
glyceraldehyde-3-phosphate dehydrogenase (GAPD) gene
(PSO467143, Glyma06gl8110.1) in twenty one soybean
tissues by Illumina (Solexa) digital gene expression dual-
tag-based mRNA profiling. The gene expression profile
indicates that the GAPD gene 1s expressed similarly in all
the checked tissues. Black bars show the expression mean
(in PPTM) and grey bars show the expression standard
deviation (STDV).

FIG. 2A 1s GAPD promoter copy number analysis by
Southern and shows the image of a Southern blot hybridized
with a 637 bp GAPD promoter probe made with primers
QC690-53 and QC690-A by PCR. FIG. 2B shows restriction

enzyme recognitions sites in the GAPD probe region.
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FIG. 3A-3D shows the maps of plasmids pCR2.1-TOPO
(FIG. 3A), QC690 (FIG. 3B), QC4781 (FIG. 3C), and
QC699 (FIG. 3D). The 6897 bp Ascl-Ascl fragment of
QC699 1s used to produce transgenic soybean plants.

FIG. 4A-4D shows the maps of plasmids pCR8/GW/
TOPO (FIG. 4A), QC690-1 (FIG. 4B), QC330 (FIG. 4C),
and QC690-1Y (FIG. 4D) containing a full length 1469 bp
GAPD promoter. Other promoter deletion constructs
QC690-2Y, QC690-3Y, QC690-4Y, and QC690-5Y contain-
ing the 1148, 830, 637, 425, and 211 bp truncated GAPD
promoters, respectively, have the same map configuration,
except for the truncat)ed promoter sequences.

FIG. § 1s the schematic descriptions of the full length
1469 bp GAPD promoter in construct QC690 and its pro-
gressive truncations in constructs, QC690-1Y, QC690-2Y,
QC690-3Y, QC690-4Y, and QC690-3Y of the GAPD pro-
moter. The size of each promoter 1s given at the left end of
cach drawing. QC690-1Y has 1148 bp of the 1469 bp GAPD
promoter 1n QC690 with the Xmal and Ncol sites removed
and like the other deletion constructs with the attB site
between the promoter and ZS-YELLOW N1 reporter gene.

FIG. 6 A-FI1G. 6H 1s the transient expression of the fluo-
rescent protein reporter gene ZS-GREEN1 or ZS-YEL-
LOWI1 N1 i the cotyledons of germinating soybean seeds
(shown as white dots 1n a black background). The reporter
gene 1s driven by the full length GAPD promoter in QC690
(FIG. 6C) (with ZS-GREEN1) or by progressively truncated
GAPD promoters 1n the transient expression constructs
QC690-1Y to QC690-5Y (with ZS-YELLOWI1 N1) (FIG.
6D, FIG. 6L, FIG. 6F, FIG. 6G and FIG. 6 H, respectively).

FIG. 7A-TP shows the stable expression of the fluorescent
protein reporter gene ZS-GREENI1 (shown as white) in
different tissues of transgenic soybean plants containing a
single copy of GAPD:GFP DNA of construct QC699, com-
prising the full length GAPD promoter of SEQ ID NO:1.
(FIG. 7A: Embryonic callus, FIG. 7B: Young somatic
embryos, FIG. 7C: Cotyledon somatic embryos, FIG. 7D:
Open tlower, FIG. 7E: A part of a sepal showing stomata,
FIG. 7F: Stamen, filaments, anthers, and style of a young
flower, FI1G. 7G: A part of a pistil showing stomata, F1G. 7H:
Leat showing stomata on adaxial and abaxial sides, FIG. 7I:
Stem showing stomata, FIG. 7J: Stem, cross section show-
ing vascular bundles, FIG. 7K: Petiole, cross section show-
ing vascular bundles, FIG. 7L: Root, cross section showing
vascular bundles, FIG. 7TM: pod surface showing stomata
with a close-up showing guard cells, FIG. 7N: Open pod
with a R3 seed, FIG. 70: Developing R3, R4, and R5 seeds,
cross sections showing embryos and mnner surface of seed
coat, FIG. 7P: Cross section of a R6 seed showing embryos
and seed coat).

FIG. 8 shows a nucleotide alignment of SEQ ID NO:1
(listed as GM-GAPD PRO in the figure), comprising the
GAPD promoter of the disclosure, and SEQ ID NO:39
(listed as Gm06:144277908-14426438rev 1n the figure), com-
prising a 1471 bp native soybean genomic DNA from
Gm06:14427908-14426438 (rev) (Schmutz IJ. et al.,
Genome sequence of the palacopolyploid soybean, Nature
463:178-183, 2010). The percent sequence 1dentity between
the GAPD promoter of SEQ ID NO:1 and the corresponding
native soybean genomic DNA of SEQ ID NO:39, based on
the Clustal V method of alignment with pairwise alignment
default parameters (KTUPLE=2, GAP PENALTY=5, WIN-
DOW=4 and DIAGONALS SAVED=4) 1s 99.2%.

The sequence descriptions summarize the Sequence List-
ing attached hereto. The Sequence Listing contains one letter
codes for nucleotide sequence characters and the single and
three letter codes for amino acids as defined in the IUPAC-
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IUB standards described 1in Nucleic Acids Research
13:3021-3030 (1985) and 1n the Biochemical Journal 219
(2):345-3773 (1984)

SEQ ID NO:1 1s the DNA sequence comprising a 1469 bp
(base pair) soybean GAPD promoter flanked by Xmal
(cccggg) and Ncol (ccatgg) restriction sites.

SEQ 1D NO:2 1s a 1148 bp truncated form of the GAPD
promoter shown 1 SEQ ID NO:1 (bp 317-1464 of SEQ ID
NO:1).

SEQ ID NO:3 1s a 850 bp truncated form of the GAPD
promoter shown 1 SEQ ID NO:1 (bp 613-1464 of SEQ ID
NO:1).

SEQ 1D NO:4 1s a 637 bp truncated form of the GAPD
promoter shown in SEQ ID NO:1 (bp 828-1464 of SEQ ID
NO:1).

SEQ ID NO:5 1s a 425 bp truncated form of the GAPD
promoter shown 1n SEQ ID NO:1 (bp 1040-1464 of SEQ 1D
NO:1).

S,

HQ ID NO:6 1s a 211 bp truncated form of the GAPD

promoter shown 1n SEQ ID NO:1 (bp 1254-1464 of SEQ ID
NO:1).

SEQ ID NO:7 1s an ehgcnuclectlde primer used as
gene-specific sense primer 1n the PCR amplification of the

tull length GAPD promoter in SEQ ID NO:1 when paired
with SEQ ID NO:8. A restriction enzyme Xmal recognition
site CCCGGG 1s included for subsequent clenlng

SEQ ID NO:8 1s an ehgcnuclectlde primer used as
gene-specific antisense primer 1n the PCR amplification cf
the full length GAPD promoter in SEQ ID NO:1 when
paired with SEQ ID NO:7. A restriction enzyme Ncol
recognition site CCATGG 1s included for subsequent clon-
ing.

SEQ ID NO:9 1s an oligonucleotide primer used as an
antisense primer 1n the PCR amplifications of the truncated
GAPD promoters in SEQ ID NOs:2, 3, 4, 5, or 6 when paired
with SEQ ID NOs: 10, 11, 12, 13, or 14, respectively
SEQ ID NO:10 1s an chgcnuclectlde primer used as
sense primer i the PCR amplification of the full length
GAPD promoter in SEQ ID NO:2 when paired with SEQ 1D
NO:9.

SEQ ID NO:11 1s an oligonucleotide primer used as
sense primer in the PCR amplification of the truncated
GAPD promoter in SEQ ID NO:3 when paired with SEQ ID
NO:9.

SEQ ID NO:12 1s an oligonucleotide primer used as
sense primer in the PCR amplification of the truncated

GAPD promoter in SEQ ID NO:4 when paired with SEQ 1D

NO:

Sk

9.

HQ ID NO:13 15 an oligonucleotide primer used as

sense primer in the PCR amplification of the truncated
GAPD promoter in SEQ ID NO:5 when paired with SEQ 1D
NQO:9.

SEQ ID NO:14 1s an oligonucleotide primer used as
sense primer in the PCR amplification of the truncated
GAPD promoter in SEQ ID NO:6 when paired with SEQ ID
NO:9.

SEQ ID NO:15 1s the 1392 bp nucleotide sequence of the
putative soybean eukaryotic glyceraldehyde-3-phosphate
dehydrogenase GAPD cDNA (PS0O467143).

SEQ ID NO:16 1s the predicted 338 aa (amino ac1d) long
peptide sequence translated from the coding region of the

putative soybean eukaryotic glyceraldehyde-3-phosphate
dehydrogenase GAPD nucleotide sequence SEQ ID NO:15.

SEQ ID NO:17 1s the 4812 bp sequence of plasmid

QC690.
SEQ ID NO:18 1s the 8482 bp sequence of plasmid

QC478i.
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HQ ID NO:19 1s the 9411 bp sequence of plasmid

QC699.

S.

HQ ID NO:20 1s the 3965 bp sequence of plasmid

QC690-1.

S.

HQ ID NO:21 1s the 5286 bp sequence of plasmid

QC330.

S.

HQ ID NO:22 1s the 4806 bp sequence of plasmid

QC690-1Y.

S.

H(QQ ID NO:23 1s a sense primer used 1n quantitative PCR

analysis of SAMS:HRA transgene copy numbers.

S.

H(QQ ID NO:24 1s a FAM labeled fluorescent DNA oligo

probe used 1n quantitative PCR analysis of SAMS:HRA
transgene copy numbers.

QF

H(QQ ID NO:25 15 an antisense primer used 1n quantitative

PCR analysis of SAMS:HRA transgene copy numbers.

S.

H(Q ID NO:26 1s a sense primer used 1n quantitative PCR

analysis of GM-GAPD:GFP transgene copy numbers.

S.

H(Q ID NO:27 1s a FAM labeled fluorescent DNA oligo

probe used in quantitative PCR analysis of GM-GAPD:GFP

transgene copy numbers.

QF

H(QQ ID NO:28 15 an antisense primer used 1n quantitative

PCR analysis of GM-GAPD:GFP transgene copy numbers.

S.

HQ ID NO:29 1s a sense primer used as an endogenous

control gene primer 1n quantitative PCR analysis of trans-
gene copy numbers.

S

EQ ID NO:30 1s a VIC labeled DNA oligo probe used as

an endogenous control gene probe in quantitative PCR
analysis of transgene copy numbers.

S.

H(QQ ID NO:31 1s an antisense primer used as an endog-

enous control gene primer in quantitative PCR analysis of
transgene copy numbers.

S.

H(QQ ID NO:32 1s the recombination site attl.1 sequence

in the GATEWAY® cloning system (Invitrogen, Carlsbad,
Calif).

S.

H(Q ID NO:33 1s the recombination site attL.2 sequence

in the GATEWAY® cloning system (Invitrogen).

S.

H(Q ID NO:34 1s the recombination site attR1 sequence

in the GATEWAY® cloning system (Invitrogen).

S.

H(QQ ID NO:35 15 the recombination site attR2 sequence

in the GATEWAY® cloning system (Invitrogen).

S.

H(QQ ID NO:36 15 the recombination site attB1 sequence

in the GATEWAY® cloning system (Invitrogen).

S.

H(QQ ID NO:37 15 the recombination site attB2 sequence

in the GATEWAY® cloning system (Invitrogen).

SH

H(Q ID NO:38 15 the 1489 bp nucleotide sequence of a

Glycine max glyceraldehyde-3-phosphate dehydrogenase
(GAPC1) mRNA mRNA DQ355800 similar to the 1392 bp
cukaryotic  glyceraldehyde-3-phosphate  dehydrogenase

GAPD gene (PSO467143) sequence S.

S.

FQ 1D NO:15.

JQ ID NO:39 1s a 1471 bp fragment of native soybean

genomic DNA Gm06:14427908-14426438 (rev) from cul-
tivar “Williams82” (Schmutz J. et al. Nature 463:178-183,
2010).

S.

H(QQ ID NO:40 1s a 83 bp fragment of the 5' untranslated

region of the GAPD gene included 1in the GAPD promoter.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

The disclosure of all patents, patent applications, and
publications cited herein are incorporated by reference in
their entirety.

As used herein and in the appended claims, the singular

forms ““a

Y - &k

an”, and “the” include plural reference unless

the centext clearly dictates otherwise. Thus, for example,
reference to “a plant” includes a plurality of such plants,
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reference to “a cell” includes one or more cells and equiva-
lents thereof known to those skilled 1n the art, and so forth.

In the context of this disclosure, a number of terms shall
be utilized.

An “1solated polynucleotide” refers to a polymer of
ribonucleotides (RNA) or deoxyribonucleotides (DNA) that
1s single- or double-stranded, optionally containing syn-
thetic, non-natural or altered nucleotide bases. An 1solated
polynucleotide in the form of DN A may be comprised of one
or more segments of cDNA, genomic DNA or synthetic
DNA.

The terms “polynucleotide”, “polynucleotide sequence”,
“nucleic acid sequence”, “nucleic acid fragment™, and “1so-
lated nucleic acid fragment” are used interchangeably
herein. These terms encompass nucleotide sequences and
the like. A polynucleotide may be a polymer of RNA or
DNA that 1s single- or double-stranded, that optionally
contains synthetic, non-natural or altered nucleotide bases. A
polynucleotide 1n the form of a polymer of DNA may be
comprised of one or more segments of cDNA, genomic
DNA, synthetic DNA, or mixtures thereol. Nucleotides
(usually found 1n their 3'-monophosphate form) are referred
to by a single letter designation as follows: “A” for adenylate
or deoxyadenylate (for RNA or DNA, respectively), “C” for
cytidylate or deoxycytidylate, “G” for guanylate or deox-
yguanylate, “U” for unidylate, “I” for deoxythymidylate,
“R” for purines (A or G), “Y” for pyrimidines (C or T), “K”
for Gor T, “H” for Aor C or T, “I”” for 1nosine, and “N” for
any nucleotide.

A “soybean GAPD promoter”, “GM-GAPD promoter” or
“GAPD promoter” are used interchangeably herein, and
refer to the promoter of a putative Glycine max gene with
significant homology to eukaryotic glyceraldehyde-3-phos-
phate dehydrogenasegenes 1dentified 1n various plant spe-
cies including soybean that are deposited 1n National Center
for Biotechnology Information (NCBI) database. The term
“soybean GAPD promoter” encompasses both a native
soybean promoter and an engineered sequence comprising a
fragment of the native soybean promoter with a DNA linker
attached to facilitate cloning. A DNA linker may comprise a
restriction enzyme site.

“Promoter” refers to a nucleic acid fragment capable of
controlling transcription of another nucleic acid fragment. A
promoter 1s capable of controlling the expression of a coding
sequence or functional RNA. Functional RNA includes, but
1s not limited to, transfer RNA (tRNA) and ribosomal RNA
(rRNA). The promoter sequence consists of proximal and
more distal upstream eclements, the latter elements often
referred to as enhancers. Accordingly, an “enhancer” 1s a
DNA sequence that can stimulate promoter activity, and may
be an innate element of the promoter or a heterologous
clement 1nserted to enhance the level or tissue-specificity of
a promoter. Promoters may be derived in their entirety from
a native gene, or be composed of different elements derived
from different promoters found in nature, or even comprise
synthetic DNA segments. It 1s understood by those skilled 1n
the art that different promoters may direct the expression of
a gene 1n different tissues or cell types, or at diflerent stages
of development, or in response to different environmental
conditions. New promoters of various types usetful in plant
cells are constantly being discovered; numerous examples
may be found in the compilation by Okamuro and Goldberg,
(Biochemistry of Plants 15:1-82 (1989)). It 1s further rec-
ognized that since in most cases the exact boundaries of
regulatory sequences have not been completely defined,
DNA fragments of some variation may have identical pro-
moter activity.
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“Promoter functional in a plant” 1s a promoter capable of
controlling transcription in plant cells whether or not 1ts
origin 1s from a plant cell.

“Tissue-specific promoter” and “tissue-preferred pro-
moter” are used interchangeably to refer to a promoter that
1s expressed predominantly but not necessarily exclusively
in one tissue or organ, but that may also be expressed 1n one
specific cell.

“Developmentally regulated promoter” refers to a pro-
moter whose activity 1s determined by developmental
events.

“Constitutive promoter” refers to promoters active 1n all
or most tissues or cell types of a plant at all or most
developing stages. As with other promoters classified as
“constitutive” (e.g. ubiquitin), some variation in absolute
levels of expression can exist among different tissues or
stages. The term “constitutive promoter” or “tissue-indepen-
dent” are used interchangeably herein.

The promoter nucleotide sequences and methods dis-
closed herein are usetul 1n regulating constitutive expression
of any heterologous nucleotide sequences 1n a host plant 1n
order to alter the phenotype of a plant.

A “heterologous nucleotide sequence” refers to a
sequence that 1s not naturally occurring with the plant
promoter sequence of the disclosure. While this nucleotide
sequence 1s heterologous to the promoter sequence, 1t may
be homologous, or native, or heterologous, or foreign, to the
plant host. However, it 1s recognized that the instant pro-
moters may be used with their native coding sequences to
increase or decrease expression resulting in a change in
phenotype in the transtformed seed. The terms “heterologous
nucleotide sequence”, “heterologous sequence”, “heterolo-
gous nucleic acid fragment”, and “heterologous nucleic acid
sequence’” are used interchangeably herein.

Among the most commonly used promoters are the nopa-
line synthase (NOS) promoter (Ebert et al., Proc. Natl. Acad.
Sci. U.S.A. 84:5745-5749 (1987)), the octapine synthase
(OCS) promoter, caulimovirus promoters such as the cauli-

flower mosaic virus (CaMV) 19S promoter (Lawton et al.,
Plant Mol. Biol. 9:315-324 (1987)), the CaMV 33S pro-

moter (Odell et al., Nature 313:810-812 (1985)), and the
figwort mosaic virus 35S promoter (Sanger et al., Plant Mol.
Biol. 14:433-43 (1990)), the light inducible promoter from
the small subunit of rubisco, the Adh promoter (Walker et
al., Proc. Natl. Acad. Sc1. U.S.A. 84:6624-66280 (1987), the
sucrose synthase promoter (Yang et al., Proc. Natl. Acad.
Sci. U.S.A. 87:4144-4148 (1990)), the R gene complex
promoter (Chandler et al., Plant Cell 1:1175-1183 (1989)),
the chlorophyll a/b binding protein gene promoter, etc. Other
commonly used promoters are, the promoters for the potato
tuber ADPGPP genes, the sucrose synthase promoter, the
granule bound starch synthase promoter, the glutelin gene
promoter, the maize waxy promoter, Brittle gene promoter,
and Shrunken 2 promoter, the acid chitinase gene promoter,
and the zein gene promoters (15 kD, 16 kD, 19 kD, 22 kD,
and 27 kD; Perdersen et al., Cell 29:1015-1026 (1982)). A
plethora of promoters 1s described 1n PCT Publication No.
WO 00/18963 published on Apr. 6, 2000, the disclosure of
which 1s hereby incorporated by reference.

The present disclosure encompasses recombinant DNA
constructs comprising functional fragments of the promoter
sequences disclosed herein.

A “functional fragment™ refer to a portion or subsequence
of the promoter sequence of the present disclosure in which
the ability to initiate transcription or drive gene expression
(such as to produce a certain phenotype) 1s retained. Frag-
ments can be obtained via methods such as site-directed
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mutagenesis and synthetic construction. As with the pro-
vided promoter sequences described herein, the functional
fragments operate to promote the expression of an operably
linked heterologous nucleotide sequence, forming a recom-
binant DNA construct (also, a chimeric gene). For example,
the fragment can be used 1n the design of recombinant DNA
constructs to produce the desired phenotype 1n a transformed
plant. Recombinant DNA constructs can be designed for use
In co-suppression or antisense by linking a promoter frag-
ment in the appropriate orientation relative to a heterologous
nucleotide sequence.

A nucleic acid fragment that 1s functionally equivalent to
the promoter of the present disclosure 1s any nucleic acid
fragment that 1s capable of controlling the expression of a
coding sequence or functional RNA 1n a similar manner to
the promoter of the present disclosure.

In an embodiment of the present invention, the promoters
disclosed herein can be modified. Those skilled 1n the art can
create promoters that have variations in the polynucleotide
sequence. The polynucleotide sequence of the promoters of
the present disclosure as shown 1n SEQ ID NOs: 1, 2, 3, 4,
5, 6,7, and 41, may be modified or altered to enhance their
control characteristics. As one of ordinary skill in the art will
appreciate, modification or alteration of the promoter
sequence can also be made without substantially affecting
the promoter function. The methods are well known to those
of skill 1n the art. Sequences can be modified, for example
by insertion, deletion, or replacement of template sequences
in a PCR-based DNA modification approach.

A “vanant promoter”, as used herein, 1s the sequence of
the promoter or the sequence of a functional fragment of a
promoter containing changes in which one or more nucleo-
tides of the oniginal sequence 1s deleted, added, and/or
substituted, while substantially maintaining promoter func-
tion. One or more base pairs can be inserted, deleted, or
substituted internally to a promoter. In the case of a promoter
fragment, variant promoters can include changes aflecting
the transcription of a mimmal promoter to which 1t 1s
operably linked. Variant promoters can be produced, for
example, by standard DNA mutagenesis techniques or by
chemically synthesizing the variant promoter or a portion
thereof.

Methods for construction of chimeric and variant promot-
ers of the present disclosure include, but are not limited to,
combining control elements of diflerent promoters or dupli-

cating portions or regions of a promoter (see for example,
U.S. Pat. No. 4,990,607; U.S. Pat. No. 5,110,732; and U.S.

Pat. No. 5,097,025). Those of skill in the art are familiar with
the standard resource materials that describe specific con-
ditions and procedures for the construction, manipulation,
and 1solation of macromolecules (e.g., polynucleotide mol-
ecules and plasmids), as well as the generation of recombi-
nant organisms and the screening and 1solation of polynucle-
otide molecules.

In some aspects of the present disclosure, the promoter
fragments can comprise at least about 20 contiguous nucleo-
tides, or at least about 50 contiguous nucleotides, or at least
about 75 conftiguous nucleotides, or at least about 100
contiguous nucleotides, or at least about 150 contiguous
nucleotides, or at least about 200 contiguous nucleotides of
SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4,
SEQ ID NO:5, SEQ ID NO:6, or SEQ ID NO:39. In another
aspect of the present disclosure, the promoter fragments can
comprise at least about 250 contiguous nucleotides, or at
least about 300 contiguous nucleotides, or at least about 350
contiguous nucleotides, or at least about 400 contiguous
nucleotides, or at least about 4350 contiguous nucleotides, or
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at least about 500 contiguous nucleotides, or at least about
550 contiguous nucleotides, or at least about 600 contiguous
nucleotides, or at least about 650 contiguous nucleotides, or
at least about 700 contiguous nucleotides, or at least about
750 contiguous nucleotides, or at least about 800 contiguous
nucleotides, or at least about 850 contiguous nucleotides, or
at least about 900 contiguous nucleotides, or at least about
950 contiguous nucleotides, or at least about 1000 contigu-
ous nucleotides, or at least about 1050 contiguous nucleo-
tides, or at least about 1100 contiguous nucleotides, or at
least about 1150 contiguous nucleotides, or at least about
1200 contiguous nucleotides, or at least about 1250 con-
tiguous nucleotides, of SEQ ID NO:1. In another aspect, a
promoter fragment 1s the nucleotide sequence set forth in
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ 1D NO:3,
SEQ ID NO:6, or SEQ ID NO:39. The nucleotides of such
fragments will usually comprise the TATA recognition
sequence of the particular promoter sequence. Such frag-
ments may be obtained by use of restriction enzymes to
cleave the naturally occurring promoter nucleotide
sequences disclosed herein, by synthesizing a nucleotide
sequence Irom the naturally occurring promoter DNA
sequence, or may be obtained through the use of PCR
technology. See particularly, Mullis et al., Methods Enzy-
mol. 1535:335-350 (1987), and Higuchi, R. In PCR Technol-
ogy: Principles and Applications for DNA Amplifications;
Erlich, H. A., Fd.; Stockton Press Inc.: New York, 1989.

The terms “full complement™ and “full-length comple-
ment” are used interchangeably herein, and refer to a
complement of a given nucleotide sequence, wherein the
complement and the nucleotide sequence consist of the same
number of nucleotides and are 100% complementary.

The terms “substantially similar” and “corresponding
substantially” as used herein refer to nucleic acid fragments
wherein changes 1n one or more nucleotide bases do not
allect the ability of the nucleic acid fragment to mediate
gene expression or produce a certain phenotype. These terms
also refer to modifications of the nucleic acid fragments of
the instant disclosure such as deletion or insertion of one or
more nucleotides that do not substantially alter the func-
tional properties of the resulting nucleic acid fragment
relative to the initial, unmodified fragment. It 1s therefore
understood, as those skilled 1n the art will appreciate, that the
disclosure encompasses more than the specific exemplary
sequences.

The 1solated promoter sequence comprised 1n the recom-
binant DNA construct of the present disclosure can be
modified to provide a range of constitutive expression levels
of the heterologous nucleotide sequence. Thus, less than the
entire promoter regions may be utilized and the ability to
drive expression of the coding sequence retained. However,
it 1s recognized that expression levels of the mRNA may be
decreased with deletions of portions of the promoter
sequences. Likewise, the tissue-independent, constitutive
nature ol expression may be changed.

Modifications of the i1solated promoter sequences of the
present disclosure can provide for a range of constitutive
expression of the heterologous nucleotide sequence. Thus,
they may be modified to be weak constitutive promoters or
strong constitutive promoters. Generally, by “weak pro-
moter” 1s intended a promoter that drives expression of a
coding sequence at a low level. By “low level” 1s intended
at levels about Yi0,000 transcripts to about /100,000 transcripts
to about Yso0,000 transcripts. Conversely, a strong promoter
drives expression of a coding sequence at high level, or at
about Yio transcripts to about Y100 transcripts to about 1,000
transcripts.
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Moreover, the skilled artisan recognizes that substantially
similar nucleic acid sequences encompassed by this disclo-
sure are also defined by their ability to hybridize, under
moderately stringent conditions (for example, 0.5xSSC,
0.1% SDS, 60° C.) with the sequences exemplified herein, or
to any portion of the nucleotide sequences reported herein
and which are functionally equivalent to the promoter of the
disclosure. Estimates of such homology are provided by
either DNA-DNA or DNA-RNA hybridization under con-
ditions of stringency as 1s well understood by those skilled
in the art (Hames and Higgins, Eds.; In Nucleic Acid
Hybridisation; IRL Press: Oxiford, U.K., 19853). Stringency
conditions can be adjusted to screen for moderately similar
fragments, such as homologous sequences from distantly
related organisms, to highly similar fragments, such as genes
that duplicate functional enzymes from closely related
organisms. Post-hybridization washes partially determine
stringency conditions. One set of conditions uses a series of
washes starting with 6xSSC, 0.5% SDS at room temperature
for 15 min, then repeated with 2xSSC, 0.5% SDS at 45° C.
for 30 min, and then repeated twice with 0.2xSSC, 0.5%
SDS at 50° C. for 30 min. Another set of stringent conditions
uses higher temperatures in which the washes are identical
to those above except for the temperature of the final two 30
min washes 1n 0.2xSSC, 0.5% SDS was increased to 60° C.
Another set of highly stringent conditions uses two final
washes 1n 0.1xSSC, 0.1% SDS at 65° C.

Preferred substantially similar nucleic acid sequences
encompassed by this disclosure are those sequences that are
80% 1dentical to the nucleic acid fragments reported herein
or which are 80% 1dentical to any portion of the nucleotide
sequences reported herein. More preferred are nucleic acid
fragments which are 90% identical to the nucleic acid
sequences reported herein, or which are 90% 1dentical to any
portion of the nucleotide sequences reported herein. Most
preferred are nucleic acid fragments which are 95% 1dentical
to the nucleic acid sequences reported herein, or which are
95% 1dentical to any portion of the nucleotide sequences
reported herein. It 1s well understood by one skilled 1n the art
that many levels of sequence identity are usetul 1n 1denti-
tying related polynucleotide sequences. Usetul examples of
percent 1dentities are those listed above, or also preferred 1s
any integer percentage from 71% to 100%, such as 71%.,
12%, 713%, 74%, 753%, 76%, 77%, 78%, 79%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% and 100%.

In one embodiment, the 1solated promoter sequence com-
prised in the recombinant DNA construct of the present
invention concerns an isolated polynucleotide comprising a
promoter wherein said promoter comprises a nucleotide
sequence having at least 71%. 72%, 73%, 74%, 75%, 76%,
77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% and 100% sequence 1dentity, based on the
Clustal V method of alignment with pairwise alignment
default parameters (KTUPLE=2, GAP PENALTY=35, WIN-
DOW=4 and DIAGONALS SAVED=4), when compared to
the nucleotide sequence of SEQ ID NO:1. As described in
Example 2, comparison of SEQ ID NO:1 to a soybean
cDNA library revealed that SEQ 1D NOs:1, 2, 3,4, 3, 6, and
39 comprise a 5' untranslated region (5'UTR) of at least 89
base pairs (SEQ ID NO:40). It 1s known to one of skilled in
the art that a 5" UTR region can be altered (deletion or
substitutions of bases) or replaced by an alternative S'UTR

while maintaining promoter activity.
This 5" UTR region represents (83/1469)*100=5.7% of

SEQ ID NO:1, (83/1148)*100=7.2% of SEQ ID NO:2,
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(83/850)*100=9.8% of SEQ ID NO:3, (83/637)*100=13.0%
of SEQ ID NO:4, (83/425)*100=19.5% of SEQ ID NO:5,
and (83/211)*100=39.3% of SEQ ID NO:6, respectively,
indicating that an 1solated polynucleotide of 94.3% sequence
identity to SEQ ID NO:1, or 92.8% sequence identity to
SEQ ID NO:2, or 91.2% sequence 1dentity to SEQ ID NO:3,
or 87.0% sequence identity to SEQ ID NO:4, or 80.5%
sequence 1dentity to SEQ ID NO:3, or 60.7% sequence
identity to SEQ ID NO:6 can be generated while maintain-
ing promoter activity.

A “substantially homologous sequence” refers to variants
of the disclosed sequences such as those that result from
site-directed mutagenesis, as well as synthetically derived
sequences. A substantially homologous sequence of the
present disclosure also refers to those fragments of a par-
ticular promoter nucleotide sequence disclosed herein that
operate to promote the constitutive expression of an oper-
ably linked heterologous nucleic acid fragment. These pro-
moter fragments will comprise at least about 20 contiguous
nucleotides, preferably at least about 50 contiguous nucleo-
tides, more preferably at least about 75 contiguous nucleo-
tides, even more preferably at least about 100 contiguous
nucleotides of the particular promoter nucleotide sequence
disclosed herein. The nucleotides of such fragments will
usually comprise the TATA recognition sequence of the
particular promoter sequence. Such Ifragments may be
obtained by use of restriction enzymes to cleave the natu-
rally occurring promoter nucleotide sequences disclosed
herein; by synthesizing a nucleotide sequence from the
naturally occurring promoter DNA sequence; or may be
obtained through the use of PCR technology. See particu-
larly, Mullis et al., Methods Enzymol. 155:335-350 (1987),
and Higuchi, R. In PCR Technology: Principles and Appli-
cations for DNA Amplifications; Erlich, H. A., Ed.; Stockton
Press Inc.: New York, 1989. Again, vaniants of these pro-
moter fragments, such as those resulting from site-directed
mutagenesis, are encompassed by the compositions of the
present disclosure.

“Codon degeneracy” refers to divergence in the genetic
code permitting variation of the nucleotide sequence without
aflecting the amino acid sequence of an encoded polypep-
tide. Accordingly, the instant disclosure relates to any
nucleic acid fragment comprising a nucleotide sequence that
encodes all or a substantial portion of the amino acid
sequences set forth herein. The skilled artisan 1s well aware
of the “codon-bias” exhibited by a specific host cell 1n usage
ol nucleotide codons to specily a given amino acid. There-
fore, when synthesizing a nucleic acid Ifragment {for
improved expression in a host cell, 1t 1s desirable to design
the nucleic acid fragment such that 1ts frequency of codon
usage approaches the frequency of preferred codon usage of
the host cell.

Sequence alignments and percent identity calculations
may be determined using a variety of comparison methods
designed to detect homologous sequences including, but not
limited to, the Megalign® program of the LASERGENE®
bioinformatics computing suite (DNASTAR® Inc., Madi-
son, Wis.). Unless stated otherwise, multiple alignment of
the sequences provided herein were performed using the
Clustal V method of alignment (Higgins and Sharp (1989)
CABIOS. 5:151-153) with the default parameters (GAP
PENALTY=10, GAP LENGTH PENALTY=10). Default
parameters for pairwise alignments and calculation of per-
cent i1dentity ol protein sequences using the Clustal V
method are KTUPLE=1, GAP PENALTY=3, WINDOW=5
and DIAGONALS SAVED=3. For nucleic acids these
parameters are KTUPLE=2, GAP PENALIY=35, WIN-




US 9,719,101 B2

15

DOW=4 and DIAGONALS SAVED=4. After alignment of
the sequences, using the Clustal V program, it 1s possible to
obtain “percent identity” and “divergence” values by view-
ing the “sequence distances” table on the same program;
unless stated otherwise, percent i1dentities and divergences
provided and claimed herein were calculated 1n this manner.

Alternatively, the Clustal W method of alignment may be
used. The Clustal W method of alignment (described by
Higgins and Sharp, CABIOS. 5:151-133 (1989); Higgins, D.
G. et al., Comput. Appl. Biosci. 8:189-191 (1992)) can be
found 1n the MegAlign™ v6.1 program of the LASER-
GENE® bioinformatics computing suite (DNASTAR® Inc.,
Madison, Wis.). Default parameters for multiple ahgnment
correspond to GAP PENALTY=10, GAP LENGTH PEN-
ALTY=0.2, Delay Divergent Sequences=30%, DNA Tran-
sition Weight=0.5, Protein Weight Matrix=Gonnet Series,
DNA Weight Matrix=IUB. For pairwise alignments the
default parameters are Alignment=Slow-Accurate, Gap Pen-
alty=10.0, Gap Length=0.10, Protein  Weight
Matrix=Gonnet 250 and DNA Weight Matrix=IUB. After
alignment of the sequences using the Clustal W program, 1t
1s possible to obtain “percent i1dentity” and “divergence”
values by viewing the “sequence distances™ table in the
same program.

In one embodiment the % sequence 1dentity 1s determined
over the entire length of the molecule (nucleotide or amino
acid).

A “substantial portion” of an amino acid or nucleotide
sequence comprises enough of the amino acid sequence of
a polypeptide or the nucleotide sequence of a gene to atlord
putative identification of that polypeptide or gene, either by
manual evaluation of the sequence by one skilled 1n the art,
or by computer-automated sequence comparison and 1den-
tification using algorithms such as BLAST (Altschul, S. F. et
al., J. Mol. Biol. 215:403-410 (1993)) and Gapped Blast
(Altschul, S. F. et al., Nucleic Acids Res. 25:3389-3402
(1997)). BLASTN refers to a BLAST program that com-
pares a nucleotide query sequence against a nucleotide
sequence database.

“Gene” refers to a nucleic acid fragment that expresses a
specific protein, including regulatory sequences preceding
(5' non-coding sequences) and following (3' non-coding
sequences ) the coding sequence. “Native gene” refers to a
gene as found 1n nature with 1ts own regulatory sequences.
“Chimeric gene” or “recombinant expression construct”,
which are used interchangeably, refers to any gene that 1s not
a native gene, comprising regulatory and coding sequences
that are not found together 1n nature. Accordingly, a chimeric
gene may comprise regulatory sequences and coding
sequences that are derived from different sources, or regu-
latory sequences and coding sequences derived from the
same source, but arranged in a manner different than that
found 1n nature. “Endogenous gene” refers to a native gene
in 1ts natural location in the genome of an organism. A
“foreign” gene refers to a gene not normally found 1n the
host organism, but that 1s introduced into the host organism
by gene transfer. Foreign genes can comprise native genes
inserted mnto a non-native organism, or chimeric genes. A
“transgene” 1s a gene that has been introduced into the
genome by a transformation procedure.

“Coding sequence” refers to a DNA sequence which
codes for a specific amino acid sequence. “Regulatory
sequences’ refer to nucleotide sequences located upstream
(5' non-coding sequences), within, or downstream (3' non-
coding sequences) of a coding sequence, and which 1nflu-
ence the transcription, RNA processing or stability, or trans-
lation of the associated coding sequence. Regulatory
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sequences may include, but are not limited to, promoters,
translation leader sequences, introns, and polyvadenylation
recognition sequences.

An “intron” 1s an intervening sequence in a gene that 1s
transcribed into RNA but 1s then excised in the process of
generating the mature mRNA. The term 1s also used for the
excised RNA sequences. An “exon” 1s a portion of the
sequence of a gene that 1s transcribed and 1s found 1n the
mature messenger RNA derived from the gene, but 1s not
necessarily a part of the sequence that encodes the final gene
product.

The “translation leader sequence™ refers to a polynucle-
otide sequence located between the promoter sequence of a
gene and the coding sequence. The translation leader
sequence 1s present 1n the fully processed mRNA upstream
of the translation start sequence. The translation leader
sequence may aflect processing ol the primary transcript to
mRNA, mRNA stability or translation efliciency. Examples
of translation leader sequences have been described (Turner,
R. and Foster, G. D., Molecular Biotechnology 3:225
(1995)).

The “3' non-coding sequences” refer to DNA sequences
located downstream of a coding sequence and include
polyadenylation recognition sequences and other sequences
encoding regulatory signals capable of affecting mRINA
processing or gene expression. The polyadenylation signal 1s
usually characterized by affecting the addition of polyade-
nylic acid tracts to the 3' end of the mRNA precursor. The
use of different 3' non-coding sequences 1s exemplified by
Ingelbrecht et al., Plant Cell 1:671-680 (1989).

“RNA transcript” refers to a product resulting from RNA
polymerase-catalyzed transcription of a DNA sequence.
When an RNA transcript 1s a perfect complementary copy of
a DNA sequence, it 1s referred to as a primary transcript or
it may be a RNA sequence derived from posttranscriptional
processing of a primary transcript and 1s referred to as a
mature RNA. “Messenger RNA” (“mRINA”) refers to RNA
that 1s without 1introns and that can be translated into protein
by the cell. “cDNA” refers to a DNA that 1s complementary
to and synthesized from an mRNA template using the
enzyme reverse transcriptase. The cDNA can be single-
stranded or converted into the double-stranded by using the
Klenow fragment of DNA polymerase 1. “Sense” RNA
refers to RNA transcript that includes mRNA and so can be
translated into protein within a cell or i vitro. “Antisense
RNA” refers to a RNA transcript that 1s complementary to
all or part of a target primary transcript or mRINA and that
blocks expression or transcripts accumulation of a target
gene (U.S. Pat. No. 5,107,065). The complementarity of an
antisense RNA may be with any part of the specific gene
transcript, 1.¢. at the 5' non-coding sequence, 3' non-coding
sequence, introns, or the coding sequence. “Functional
RNA” refers to antisense RNA, ribozyme RNA, or other
RNA that may not be translated but yet has an eflect on
cellular processes.

The term “‘operably linked” refers to the association of
nucleic acid sequences on a single nucleic acid fragment so
that the function of one 1s atfected by the other. For example,
a promoter 1s operably linked with a coding sequence when
it 1s capable of affecting the expression of that coding
sequence (1.e., that the coding sequence 1s under the tran-
scriptional control of the promoter). Coding sequences can
be operably linked to regulatory sequences in sense or
antisense orientation.

The terms “imtiate transcription”, 1n1tlate expression’,
“drive transcription”, and “drive expression” are used inter-
changeably herein and all refer to the primary function of a

22 4
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promoter. As detailed throughout this disclosure, a promoter
1s a non-coding genomic DNA sequence, usually upstream
(5') to the relevant coding sequence, and its primary function
1s to act as a binding site for RNA polymerase and 1nitiate
transcription by the RNA polymerase. Additionally, there 1s
“expression” of RNA, including functional RNA, or the
expression ol polypeptide for operably linked encoding
nucleotide sequences, as the transcribed RNA ultimately 1s
translated into the corresponding polypeptide.

The term “expression”, as used herein, refers to the
production of a functional end-product e.g., an mRNA or a
protein (precursor or mature).

The term “expression cassette™ as used herein, refers to a
discrete nucleic acid fragment mto which a nucleic acid
sequence or fragment can be moved.

Expression or overexpression of a gene mvolves tran-
scription of the gene and translation of the mRNA into a
precursor or mature protein. “Antisense inhibition™ refers to
the production of antisense RNA ftranscripts capable of
suppressing the expression of the target protein. “Overex-
pression” refers to the production of a gene product in
transgenic organisms that exceeds levels of production in
normal or non-transformed organisms. “Co-suppression’”
refers to the production of sense RNA transcripts capable of
suppressing the expression or transcript accumulation of
identical or substantially similar foreign or endogenous
genes (U.S. Pat. No. 5,231,020). The mechamism of co-
suppression may be at the DNA level (such as DNA meth-
ylation), at the transcriptional level, or at posttranscriptional
level.

Co-suppression constructs 1n plants previously have been
designed by focusing on overexpression of a nucleic acid
sequence having homology to an endogenous mRNA, 1n the
sense orientation, which results 1n the reduction of all RNA
having homology to the overexpressed sequence (see

Vaucheret et al., Plant J. 16:651-659 (1998); and Gura,
Nature 404:804-808 (2000)). The overall efliciency of this
phenomenon 1s low, and the extent of the RNA reduction 1s
widely variable. Recent work has described the use of
“hairpin™ structures that incorporate all, or part, of an
mRNA encoding sequence in a complementary orientation
that results 1n a potential “stem-loop” structure for the

expressed RNA (PCT Publication No. WO 99/53050 pub-
lished on Oct. 21, 1999; and PCT Publication No. WO
02/00904 published on Jan. 3, 2002). This increases the
frequency of co-suppression 1n the recovered transgenic
plants. Another varnation describes the use of plant viral

sequences to direct the suppression, or “silencing”, of proxi-
mal mRNA encoding sequences (PC'T Publication No. WO

98/36083 published on Aug. 20, 1998). Genetic and molecu-
lar evidences have been obtained suggesting that dsRNA
mediated mRNA cleavage may have been the conserved

mechanism underlying these gene silencing phenomena
(Elmayan et al., Plant Cell 10:1747-1757 (1998); Galun, In

Vitro Cell. Dev. Biol. Plant 41(2):113-123 (2005); Pickiord
et al, Cell. Mol. Life Sci1. 60(5):871-882 (2003)).

As stated herein, “suppression” refers to a reduction of the
level of enzyme activity or protein functionality (e.g., a
phenotype associated with a protein) detectable 1n a trans-
genic plant when compared to the level of enzyme activity
or protein functionality detectable 1n a non-transgenic or
wild type plant with the native enzyme or protein. The level
of enzyme activity in a plant with the native enzyme 1is
referred to herein as “wild type™ activity. The level of protein
functionality 1n a plant with the native protein is referred to
herein as “wild type” functionality. The term “suppression”™
includes lower, reduce, decline, decrease, inhibit, eliminate
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and prevent. This reduction may be due to a decrease 1n
translation of the native mRINA into an active enzyme or
functional protein. It may also be due to the transcription of
the native DNA 1nto decreased amounts of mRNA and/or to
rapid degradation of the native mRNA. The term “native
enzyme” refers to an enzyme that 1s produced naturally 1n a
non-transgenic or wild type cell. The terms “non-transgenic”™
and “wild type” are used interchangeably herein.

“Altering expression” refers to the production of gene
product(s) 1n transgenic organisms 1n amounts or propor-
tions that difler significantly from the amount of the gene
product(s) produced by the corresponding wild-type organ-
1sms (1.e., expression 1s increased or decreased).

“Transformation” as used herein refers to both stable
transformation and transient transformation.

“Stable transformation™ refers to the introduction of a
nucleic acid fragment into a genome of a host organism
resulting 1n genetically stable inheritance. Once stably trans-
formed, the nucleic acid fragment 1s stably integrated in the
genome of the host organism and any subsequent generation.
Host organisms containing the transformed nucleic acid
fragments are referred to as “transgenic” organisms.

“Transient transformation” refers to the introduction of a
nucleic acid fragment into the nucleus, or DNA-containing
organelle, of a host organism resulting 1n gene expression
without genetically stable inheritance.

The term “introduced” means providing a nucleic acid
(e.g., expression construct) or protein into a cell. Introduced
includes reference to the incorporation of a nucleic acid into
a eukaryotic or prokaryotic cell where the nucleic acid may
be incorporated into the genome of the cell, and includes
reference to the transient provision of a nucleic acid or
protein to the cell. Introduced 1includes reference to stable or
transient transformation methods, as well as sexually cross-
ing. Thus, “introduced” 1n the context of mserting a nucleic
acid fragment (e.g., a recombinant DNA construct/expres-
sion construct) into a cell, means “transfection” or “trans-
formation™ or “transduction” and includes reference to the
incorporation of a nucleic acid fragment into a eukaryotic or
prokaryotic cell where the nucleic acid fragment may be
incorporated into the genome of the cell (e.g., chromosome,
plasmid, plastid or mitochondrial DNA), converted into an
autonomous replicon, or transiently expressed (e.g., trans-
fected mRNA).

“Transgenic” refers to any cell, cell line, callus, tissue,
plant part or plant, the genome of which has been altered by
the presence of a heterologous nucleic acid, such as a
recombinant DNA construct, including those imitial trans-
genic events as well as those created by sexual crosses or
asexual propagation from the inmitial transgenic event. The
term “transgenic” as used herein does not encompass the
alteration of the genome (chromosomal or extra-chromo-
somal) by conventional plant breeding methods or by natu-
rally occurring events such as random cross-fertilization,
non-recombinant viral infection, non-recombinant bacterial
transformation, non-recombinant transposition, or spontane-
ous mutation.

“Genome” as 1t applies to plant cells encompasses not
only chromosomal DNA found within the nucleus, but
organeclle DNA found within subcellular components (e.g.,
mitochondnal, plastid) of the cell.

“Plant” includes reference to whole plants, plant organs,
plant tissues, seeds and plant cells and progeny of same.
Plant cells include, without limitation, cells from seeds,
suspension cultures, embryos, meristematic regions, callus
tissue, leaves, roots, shoots, gametophytes, sporophytes,
pollen, and microspores.
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The terms “monocot” and “monocotyledonous plant™ are
used interchangeably herein. A monocot of the current
disclosure includes the Gramineae.

The terms “dicot” and “dicotyledonous plant” are used
interchangeably herein. A dicot of the current disclosure
includes the following families: Brassicaceae, Leguminosae,
and Solanaceae.

“Progeny” comprises any subsequent generation of a
plant.

“Iransgenic plant” includes reference to a plant which
comprises within 1ts genome a heterologous polynucleotide.
For example, the heterologous polynucleotide i1s stably
integrated within the genome such that the polynucleotide 1s
passed on to successive generations. The heterologous poly-
nucleotide may be integrated into the genome alone or as
part of a recombinant DNA construct.

“Iransient expression’” refers to the temporary expression

of often reporter genes such as [3-glucuronidase (GUS),
fluorescent protein genes /5-GREENT], Z5-YELLOWI1 N1,

AM-CYANI1, DS-RED 1n selected certain cell types of the
host organism 1n which the transgenic gene is introduced
temporally by a transiformation method. The transformed
materials of the host organism are subsequently discarded
after the transient gene expression assay.

Standard recombinant DNA and molecular cloning tech-
niques used herein are well known in the art and are
described more fully in Sambrook, J. et al., In Molecular
Cloning: A Laboratory Manual; 2" ed.; Cold Spring Harbor
Laboratory Press: Cold Spring Harbor, N.Y., 1989 (herein-
alter “Sambrook et al., 1989”) or Ausubel, F. M., Brent, R.,
Kingston, R. E., Moore, D. D., Seidman, J. G., Smith, J. A.
and Struhl, K., Eds.; In Current Protocols in Molecular
Biology; John Wiley and Sons: New York, 1990 (hereinafter
“Ausubel et al., 19907).

“PCR” or “Polymerase Chain Reaction” 1s a technique for
the synthesis of large quantities of specific DNA segments,
consisting of a series of repetitive cycles (Perkin Elmer
Cetus Instruments, Norwalk, Conn.). Typically, the double
stranded DNA 1s heat denatured, the two primers comple-
mentary to the 3' boundaries of the target segment are
annealed at low temperature and then extended at an inter-
mediate temperature. One set of these three consecutive
steps comprises a cycle.

The terms “plasmid”, “vector” and “‘cassette” refer to an
extra chromosomal element often carrying genes that are not
part of the central metabolism of the cell, and usually 1n the
form ol circular double-stranded DNA fragments. Such
clements may be autonomously rephcatmg sequences,
genome Integrating sequences, phage or nucleotide
sequences, linear or circular, of a single- or double-stranded
DNA or RNA, derntved from any source, in which a number
of nucleotide sequences have been jomned or recombined
into a umque construction which is capable of mtroducing a
promoter fragment and DNA sequence for a selected gene
product along with appropriate 3' untranslated sequence into
a cell.

The term “recombinant DNA construct” or “recombinant
expression construct” 1s used 1nterchangeably and refers to
a discrete polynucleotide into which a nucleic acid sequence
or fragment can be moved. Preferably, it 1s a plasmid vector
or a fragment thereolf comprising the promoters of the
present disclosure. The choice of plasmid vector 1s depen-
dent upon the method that will be used to transform host
plants. The skilled artisan 1s well aware of the genetic
clements that must be present on the plasmid vector 1n order
to successiully transtorm, select and propagate host cells
containing the chimeric gene. The skilled artisan will also
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recognize that diflerent independent transformation events
will result 1n different levels and patterns of expression

(Jones et al., EMBO J. 4:2411-2418 (1985); De Almeida et
al., Mol. Gen. Genetics 218:78-86 (1989)), and thus that
multiple events must be screened in order to obtain lines
displaying the desired expression level and pattern. Such
screening may be accomplished by PCR and Southern
analysis of DNA, RT-PCR and Northern analysis of mRNA
expression, Western analysis of protein expression, or phe-
notypic analysis.

Various changes 1n phenotype are of interest including,
but not limited to, modifying the fatty acid composition in
a plant, altering the amino acid content of a plant, altering a
plant’s pathogen defense mechanism, and the like. These
results can be achieved by providing expression of heter-
ologous products or increased expression ol endogenous
products 1n plants. Alternatively, the results can be achieved
by providing for a reduction of expression of one or more
endogenous products, particularly enzymes or cofactors in
the plant. These changes result in a change 1n phenotype of
the transformed plant.

Genes of interest are reflective of the commercial markets
and interests of those ivolved 1n the development of the
crop. Crops and markets of interest change, and as devel-
oping nations open up world markets, new crops and tech-
nologies will emerge also. In addition, as our understanding
of agronomic characteristics and traits such as yield and
heterosis increase, the choice of genes for transformation
will change accordingly. General categories of genes of
interest include, but are not limited to, those genes involved
in 1nformation, such as zinc fingers, those involved 1n
communication, such as kinases, and those involved in
housekeeping, such as heat shock proteins. More specific
categories of transgenes, for example, include, but are not
limited to, genes encoding important traits for agronomics,
insect resistance, disease resistance, herbicide resistance,
sterility, grain or seed characteristics, and commercial prod-
ucts. Genes of mterest include, generally, those involved 1n
o1l, starch, carbohydrate, or nutrient metabolism as well as
those aflecting seed size, plant development, plant growth
regulation, and yield improvement. Plant development and
growth regulation also refer to the development and growth
regulation of various parts ol a plant, such as the flower,
seed, root, leat and shoot.

Other commercially desirable traits are genes and proteins
conferring cold, heat, salt, and drought resistance.

Disease and/or insect resistance genes may encode resis-
tance to pests that have great yield drag such as for example,
anthracnose, soybean mosaic virus, soybean cyst nematode,
root-knot nematode, brown leaf spot, Downy mildew, purple
seed stain, seed decay and seedling diseases caused com-
monly by the tungr—~Pythium sp., Phvtophthora sp., Rhizoc-
tonia sp., Diaporthe sp. Bacterial blight caused by the
bacterium Pseudomonas syringae pv. Glycinea. Genes con-
ferring 1nsect resistance include, for example, Bacillus
thuringiensis toxic protein genes (U.S. Pat. Nos. 5,366,892;
5,747,450, 5,737,514, 5,723,756; 5,593,881; and Geiser et
al (1986) Gene 48:109); lectins (Van Damme et al. (1994)
Plant Mol. Biol. 24:825); and the like.

Herbicide resistance traits may include genes coding for
resistance to herbicides that act to inhibit the action of
acetolactate synthase (ALS), 1n particular the sulfonylurea-
type herbicides (e.g., the acetolactate synthase ALS gene
containing mutations leading to such resistance, in particular
the S4 and/or HRA mutations). The ALS-gene mutants
encode resistance to the herbicide chlorsultfuron. Glyphosate
acetyl transferase (GAI) 1s an N-acetyltransferase from
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Bacillus licheniformis that was optimized by gene shuflling
for acetylation of the broad spectrum herbicide, glyphosate,
forming the basis of a novel mechanism of glyphosate
tolerance 1n transgenic plants (Castle et al. (2004) Science
304, 1151-1154).

Antibiotic resistance genes include, for example, neomy-
cin phosphotransierase (npt) and hygromycin phosphotrans-
terase (hpt). Two neomycin phosphotransierase genes are
used 1n selection of transformed organisms: the neomycin
phosphotransierase I (nptl) gene and the neomycin phos-
photransierase II (nptll) gene. The second one 1s more
widely used. It was imitially i1solated from the transposon
Tn5 that was present 1n the bacterium strain Escherichia coli
K12. The gene codes for the aminoglycoside 3'-phospho-
transierase (denoted aph(3')-II or NPTII) enzyme, which
inactivates by phosphorylation a range of aminoglycoside
antibiotics such as kanamycin, neomycin, geneticin and
paroromycin. NPTII 1s widely used as a selectable marker
for plant transformation. It 1s also used 1n gene expression
and regulation studies 1n different organisms 1n part because
N-terminal fusions can be constructed that retain enzyme
activity. NPTII protein activity can be detected by enzymatic
assay. In other detection methods, the modified substrates,
the phosphorylated antibiotics, are detected by thin-layer
chromatography, dot-blot analysis or polyacrylamide gel
electrophoresis. Plants such as maize, cotton, tobacco, Ara-
bidopsis, tlax, soybean and many others have been success-
tully transformed with the nptll gene.

The hygromycin phosphotransierase (denoted hpt, hph or
aphlV) gene was oniginally derived from Escherichia coli.
The gene codes for hygromycin phosphotransierase (HPT),
which detoxifies the aminocyclitol antibiotic hygromycin B.
A large number of plants have been transformed with the hpt
gene and hygromycin B has proved very eflective in the
selection of a wide range of plants, including monocotyle-
donous. Most plants exhibit higher sensitivity to hygromy-
cin B than to kanamycin, for instance cereals. Likewise, the
hpt gene 1s used widely 1n selection of transformed mam-
malian cells. The sequence of the hpt gene has been modified
for 1ts use 1n plant transformation. Deletions and substitu-
tions of amino acid residues close to the carboxy (C)-
terminus of the enzyme have increased the level of resis-
tance 1n certain plants, such as tobacco. At the same time, the
hydrophilic C-terminus of the enzyme has been maintained
and may be essential for the strong activity of HPT. HPT
activity can be checked using an enzymatic assay. A non-
destructive callus induction test can be used to verily
hygromycin resistance.

Genes 1involved in plant growth and development have
been 1dentified 1n plants. One such gene, which 1s involved
in cytokimin biosynthesis, 1s 1sopentenyl transierase (IPT).
Cytokinin plays a critical role 1n plant growth and develop-
ment by stimulating cell division and cell differentiation
(Sun et al. (2003), Plant Physiol. 131: 167-176).

Calcium-dependent protein kinases (CDPK), a family of
serine-threonine kinase found primarily 1in the plant king-
dom, are likely to function as sensor molecules 1n calcium-
mediated signaling pathways. Calcium 1ons are important
second messengers during plant growth and development
(Harper et al. Science 2352, 951-954 (1993); Roberts et al.
Curr. Opin. Cell Biol. 5, 242-246 (1993); Roberts et al.
Annu. Rev. Plant Mol. Biol. 43, 375-414 (1992)).

Nematode responsive protein (NRP) 1s produced by soy-
bean upon the infection of soybean cyst nematode. NRP has
homology to a taste-modilying glycoprotein miraculin and
the NF34 protein mvolved 1 tumor formation and hyper
response 1nduction. NRP 1s believed to function as a
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defense-inducer in response to nematode infection (Ten-
haken et al. BMC Bioinformatics 6:169 (2005)).

The quality of seeds and grains is reflected in traits such
as levels and types of fatty acids or oils, saturated and
unsaturated, quality and quantity of essential amino acids,
and levels of carbohydrates. Therefore, commercial traits
can also be encoded on a gene or genes that could increase
for example methionine and cysteine, two sulfur containing
amino acids that are present in low amounts in soybeans.
Cystathionine gamma synthase (CGS) and serine acetyl
transierase (SAT) are proteins mvolved 1n the synthesis of
methionine and cysteine, respectively.

Other commercial traits can encode genes to 1ncrease for
example monounsaturated fatty acids, such as oleic acid, 1n
o1l seeds. Soybean o1l for example contains high levels of
polyunsaturated fatty acids and 1s more prone to oxidation
than oi1ls with higher levels of monounsaturated and satu-
rated fatty acids. High oleic soybean seeds can be prepared
by recombinant manipulation of the activity of oleoyl 12-de-
saturase (Fad2). High oleic soybean o1l can be used 1n
applications that require a high degree of oxidative stability,
such as cooking for a long period of time at an elevated
temperature.

Rathnose saccharides accumulate 1n significant quantities
in the edible portion of many economically significant crop
species, such as soybean (Glycine max L. Mernll), sugar
beet (Beta vulgaris), cotton (Gossypium hivsutum L.), canola
(Brassica sp.) and all of the major edible leguminous crops
including beans (Phaseolus sp.), chick pea (Cicer arieti-
num), cowpea (Vigna unguiculata), mung bean (Vigna
radiata), peas (Pisum sativum), lentil (Lens culinaris) and
lupine (Lupinus sp.). Although abundant 1n many species,
ratlinose saccharides are an obstacle to the eflicient utiliza-
tion of some economically important crop species.

Down regulation of the expression of the enzymes
involved 1n raflinose saccharide synthesis, such as galactinol
synthase for example, would be a desirable trait.

In certain embodiments, the present disclosure contem-
plates the transformation of a recipient cell with more than
one advantageous transgene. Two or more transgenes can be
supplied 1n a single transformation event using either dis-
tinct transgene-encoding vectors, or a single vector incor-
porating two or more gene coding sequences. Any two or
more transgenes of any description, such as those conferring
herbicide, insect, disease (viral, bacterial, fungal, and nema-
tode), or drought resistance, o1l quantity and quality, or those
increasing yield or nutritional quality may be employed as
desired.

Glyceraldehyde 3-phosphate dehydrogenase (abbreviated
as GAPD) 1s an enzyme of ~37 kDa that catalyzes the
conversion ol glyceraldehyde 3-phosphate to D-glycerate
1,3-bisphosphate, the sixth step in the glycolytic breakdown
of glucose, an 1mportant pathway of energy and carbon
molecule supply which takes place 1n the cytosol of eukary-
otic cells. GAPD 1s highly conserved and predicted
sequences very similar to the soybean full length GAPD
GAPDH amino acid sequence (SEQ ID NO:16) are 1denti-
fied 1n several species including lotus, rose, potato, tobacco,
alfaltfa, tomato, pea, and grape etc. It 1s demonstrated herein
that the soybean glyceraldehyde-3-phosphate dehydroge-
nasegene promoter named GM-GAPD can, in fact, be used
as a constitutive promoter to drive expression of transgenes
in plants, and that such promoter can be isolated and used by
one skilled in the art.

This mvention concerns a recombinant DNA construct
comprising a constitutive eukaryotic glyceraldehyde-3-
phosphate dehydrogenase gene GAPD promoter. This
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invention also concerns a recombinant DNA construct com-
prising a promoter wherein said promoter consists essen-
tially of the nucleotide sequence set forth in SEQ ID NO:1,
or an 1solated polynucleotide comprising a promoter
wherein said promoter comprises the nucleotide sequence
set forth in SEQ ID NOs: 1, 2, 3,4, 5, 6, or 39 or a functional
fragment of SEQ ID NOs: 1, 2, 3, 4, 5, 6, or 39.

The expression patterns of GAPD gene and 1ts promoter
are set forth 1n Examples 1-7.

The promoter activity of the soybean genomic DNA
fragment SEQ ID NO:1 upstream of the GAPD protein
coding sequence was assessed by linking the fragment to a
green tluorescence reporter gene, ZS-GREEN1 (GFP)
(Tsien, Annu. Rev. Biochem. 67:509-544 (1998); Matz et al.,
Nat. Biotechnol. 17:969-973 (1999)), transforming the pro-
moter: GFP expression cassette into soybean, and analyzing
GFP expression 1n various cell types of the transgenic plants
(see Example 7). GFP expression was detected in most parts
of the transgenic plants. These results indicated that the
nucleic acid fragment contained a constitutive promoter.

It 1s clear from the disclosure set forth herein that one of
ordinary skill 1n the art could perform the following proce-
dure:

1) operably linking the nucleic acid fragment containing
the GAPD promoter sequence to a suitable reporter gene;
there are a variety of reporter genes that are well known to
those skilled 1n the art, including the bacterial GUS gene, the
firefly luciferase gene, and the cyan, green, red, and yellow
fluorescent protein genes; any gene for which an easy and
reliable assay 1s available can serve as the reporter gene.

2) transforming a chimeric GAPD promoter:reporter gene
expression cassette mto an appropriate plant for expression
of the promoter. There are a variety of appropriate plants
which can be used as a host for transformation that are well
known to those skilled in the art, including the dicots,
Arabidopsis, tobacco, soybean, oilseed rape, peanut, sun-
flower, safllower, cotton, tomato, potato, cocoa and the
monocots, corn, wheat, rice, barley and palm.

3) testing for expression of the GAPD promoter 1n various
cell types of transgenic plant tissues, e.g., leaves, roots,
flowers, seeds, transformed with the chimeric GAPD pro-
moter:reporter gene expression cassette by assaying for
expression of the reporter gene product.

In another aspect, this invention concerns a recombinant
DNA construct comprising at least one heterologous nucleic
acid fragment operably linked to any promoter, or combi-
nation of promoter elements, ol the present disclosure.
Recombinant DNA constructs can be constructed by oper-
ably linking the nucleic acid fragment of the disclosure
GAPD promoter or a fragment that 1s substantially similar
and functionally equivalent to any portion of the nucleotide
sequence set forth in SEQ ID NOs: 1, 2,3, 4, 5, 6, or 39 to
a heterologous nucleic acid fragment. Any heterologous
nucleic acid fragment can be used to practice the mnvention.
The selection will depend upon the desired application or
phenotype to be achieved. The wvarious nucleic acid
sequences can be manipulated so as to provide for the
nucleic acid sequences in the proper orientation. It 1s
believed that various combinations of promoter elements as
described herein may be useful in practicing the present
invention.

In another aspect, this disclosure concerns a recombinant
DNA construct comprising at least one acetolactate synthase
(ALS) nucleic acid fragment operably linked to GAPD
promoter, or combination of promoter elements, of the
present disclosure. The acetolactate synthase gene 1s
involved 1n the biosynthesis of branched chain amino acids

5

10

15

20

25

30

35

40

45

50

55

60

65

24

in plants and 1s the site of action of several herbicides
including sulfonyl urea. Expression of a mutated acetolac-
tate synthase gene encoding a protein that can no longer bind

the herbicide will enable the transgenic plants to be resistant
to the herbicide (U.S. Pat. No. 5,605,011, U.S. Pat. No.

5,3778,824). The mutated acetolactate synthase gene 1s also
widely used i plant transformation to select transgenic
plants.

In another embodiment, this disclosure concerns host
cells comprising either the recombinant DNA constructs of
the disclosure as described herein or isolated polynucle-
otides of the disclosure as described herein. Examples of
host cells which can be used to practice the disclosure
include, but are not limited to, yeast, bacteria, and plants.

Plasmid vectors comprising the instant recombinant DNA
construct can be constructed. The choice of plasmid vector
1s dependent upon the method that will be used to transtorm
host cells. The skilled artisan 1s well aware of the genetic
clements that must be present on the plasmid vector 1n order
to successtully transform, select and propagate host cells
containing the chimeric gene.

Methods for transforming dicots, primarily by use of
Agrobacterium tumefaciens, and obtaining transgenic plants

have been published, among others, for cotton (U.S. Pat. No.
5,004,863, U.S. Pat. No. 5,159 135) soybean (U.S. Pat. No.

5,569,834, U.S. Pat. No. 5,416,011); Brassica (U.S. Pat. No.
5,463 174) peanut (Cheng et al., Plant Cell Rep. 15:653-657
(1996), McKently et al., Plant Cell Rep. 14:699-703 (1995));

papaya (Ling et al., Bio/technology 9:752-738 (1991)); and
pea (Grant et al., Plant Cell Rep. 15:234-258 (1995)). For a
review ol other commonly used methods of plant transior-
mation see Newell, C. A., Mol. Biotechnol. 16:33-65 (2000).
One of these methods of transformation uses Agrobacterium
rhizogenes (leptler, M. and Casse-Delbart, F., Microbiol.
Sci. 4:24-28 (1987)). Transformation of soybeans using
direct delivery of DNA has been published using PEG fusion
(PCT Publication No. WO 92/17598), electroporation
(Chowrira et al., Mol. Biotechnol. 3:17-23 (1995); Christou
et al., Proc. Natl. Acad. Sci. U.S.A. 84:3962-3966 (1987)),
microinjection, or particle bombardment (McCabe et al.,
Biotechnology 6:923-926 (1988); Christou et al., Plant
Physiol. 87:671-674 (1988)).

There are a variety of methods for the regeneration of
plants from plant tissues. The particular method of regen-
cration will depend on the starting plant tissue and the
particular plant species to be regenerated. The regeneration,
development and cultivation of plants from single plant
protoplast transformants or Irom various transformed
explants 1s well known 1n the art (Weissbach and Weissbach,
Eds.; In Methods for Plant Molecular Biology; Academic
Press, Inc.: San Diego, Calif., 1988). This regeneration and
growth process typically includes the steps of selection of
transformed cells, culturing those individualized cells
through the usual stages of embryonic development or
through the rooted plantlet stage. Transgenic embryos and
seeds are similarly regenerated. The resulting transgenic
rooted shoots are thereafter planted 1n an appropnate plant
growth medium such as soil. Preferably, the regenerated
plants are self-pollinated to provide homozygous transgenic
plants. Otherwise, pollen obtained from the regenerated
plants 1s crossed to seed-grown plants of agronomically
important lines. Conversely, pollen from plants of these
important lines 1s used to pollinate regenerated plants. A
transgenic plant of the present disclosure containing a
desired polypeptide 1s cultivated using methods well known
to one skilled 1n the art.
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In addition to the above discussed procedures, practitio-
ners are familiar with the standard resource materials which
describe specific conditions and procedures for the construc-
tion, manipulation and 1solation of macromolecules (e.g.,
DNA molecules, plasmids, etc.), generation of recombinant >
DNA fragments and recombinant expression constructs and
the screening and isolating of clones, (see for example,
Sambrook, J. et al., In Molecular Cloning: A Laboratory
Manual; 27“ ed.; Cold Spring Harbor Laboratory Press: Cold
Spring Harbor, N.Y., 1989; Maliga et al., In Methods 1n Plant
Molecular Biology; Cold Spring Harbor Press, 1993; Birren
et al., In Genome Analysis: Detecting Genes, 1; Cold Spring
Harbor: New York, 1998; Birren et al., In Genome Analysis:
Analyzing DNA, 2; Cold Spring Harbor: New York, 1998;
Clark, Ed., In Plant Molecular Biology: A Laboratory
Manual; Springer: New York, 1997).

The skilled artisan will also recognize that different
independent transformation events will result in different

levels and patterns of expression of the chimeric genes »g
(Jones et al., EMBO 1. 4:2411-2418 (1985); De Almeida et

al., Mol. Gen. Genetics 218:78-86 (1989)). Thus, multiple
events must be screened 1n order to obtain lines displaying
the desired expression level and pattern. Such screenming may

be accomplished by Northern analysis of mRINA expression, 25
Western analysis of protein expression, or phenotypic analy-
s1s. Also of interest are seeds obtained from transformed
plants displaying the desired gene expression profile.

The level of activity of the GAPD promoter 1s weaker
than that of many known strong promoters, such as the 30
CaMV 358 promoter (Atanassova et al., Plant Mol. Biol.
37:275-285 (1998);, Battraw and Hall, Plant Mol. Biol.
15:527-338 (1990); Holtort et al., Plant Mol. Biol. 29:637-
646 (1995); Jetlerson et al., EMBO . 6:3901-39077 (1987);
Wilmink et al., Plant Mol. Biol. 28:949-955 (1995)), the 35
Arabidopsis ubiquitin extension protein promoters (Callis et
al., J. Biol. Chem. 265(21):12486-12493 (1990)), a tomato
ubiquitin gene promoter (Rollfinke et al., Gene 211:267-2776
(1998)), a soybean heat shock protein promoter, and a maize
H3 histone gene promoter (Atanassova et al., Plant Mol. 40
Biol. 37:2775-285 (1998)). Universal moderate expression of
chimeric genes 1n most plant cells makes the GAPD pro-
moter of the instant disclosure especially useful when mod-
erate constitutive expression of a target heterologous nucleic
acid fragment 1s required. 45

Another general application of the GAPD promoter of the
disclosure 1s to construct chimeric genes that can be used to
reduce expression of at least one heterologous nucleic acid
fragment 1n a plant cell. To accomplish this, a chimeric gene
designed for gene silencing of a heterologous nucleic acid 50
fragment can be constructed by linking the fragment to the
GAPD promoter of the present disclosure. (See U.S. Pat. No.
5,231,020, and PCT Publication No. WO 99/53050 pub-
lished on Oct. 21, 1999, PCT Publication No. WO 02/00904
published on Jan. 3, 2002, and PCT Publication No. WO 55
98/36083 published on Aug. 20, 1998, for methodology to
block plant gene expression via cosuppression.) Alterna-
tively, a chimeric gene designed to express antisense RNA
for a heterologous nucleic acid fragment can be constructed
by linking the fragment in reverse orientation to the GAPD 60
promoter of the present disclosure. (See U.S. Pat. No.
5,107,065 for methodology to block plant gene expression
via anfisense RNA.) Fither the cosuppression or antisense
chimeric gene can be mtroduced 1nto plants via transforma-
tion. Transformants wherein expression of the heterologous 65
nucleic acid fragment 1s decreased or eliminated are then
selected.
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This invention also concerns a method of altering (in-
creasing or decreasing) the expression of at least one het-
erologous nucleic acid fragment in a plant cell which
COmprises:

(a) transforming a plant cell with the recombinant expres-

sion construct described herein;

(b) growing fertile mature plants from the transformed
plant cell of step (a);

(¢) selecting plants containing a transformed plant cell
wherein the expression of the heterologous nucleic acid
fragment 1s 1increased or decreased.

Transformation and selection can be accomplished using,
methods well-known to those skilled 1n the art including, but
not limited to, the methods described herein.

Non-limiting examples of methods and compositions dis-
closed herein are as follows:

1. A recombinant DNA construct comprising a nucleotide
sequence comprising any one ol the sequence set forth 1n
SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO4,
SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:39, or a
functional fragment thereol, operably linked to at least one
heterologous sequence, wherein said nucleotide sequence 1s
a constitutive promoter.

2. The recombinant DNA construct of embodiment 1,
wherein said nucleotide sequence has at least 95% 1dentity,
based on the Clustal V method of alignment with pairwise
alignment default parameters (KTUPLE=2, GAP PEN-
ALTY=5, WINDOW=4 and DIAGONALS SAVED=4),
when compared to any one of the sequence set forth in SEQ
ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ
ID NO:5, SEQ ID NO:6, or SEQ ID NO:39.

3. A vector comprising the recombinant DNA construct of
embodiment 1.

4. A cell comprising the recombinant DNA construct of
embodiment 1.

5. The cell of embodiment 4, wherein the cell 1s a plant cell.
6. A transgenic plant having stably incorporated into its
genome the recombinant DNA construct of embodiment 1.
7. The transgenic plant of embodiment 6 wherein said plant
1s a dicot plant.

8. The transgenic plant of embodiment 7 wherein the plant
1s soybean.

9. A transgenic seed produced by the transgenic plant of
embodiment 7, wherein the transgenic seed comprises the
recombinant DNA construct.

10. The recombinant DNA construct of embodiment 1
wherein the at least one heterologous sequence codes for a
gene selected from the group consisting of: a reporter gene,
a selection marker, a disease resistance conferring gene, a
herbicide resistance conferring gene, an insect resistance
conferring gene; a gene mvolved 1n carbohydrate metabo-
lism, a gene involved in fatty acid metabolism, a gene
involved 1n amino acid metabolism, a gene 1nvolved 1n plant
development, a gene 1nvolved 1n plant growth regulation, a
gene involved m yield improvement, a gene involved 1n
drought resistance, a gene involved 1n cold resistance, a gene
involved 1n heat resistance and a gene involved 1n salt
resistance in plants.

11. The recombinant DNA construct of embodiment 1,
wherein the at least one heterologous sequence encodes a
protein selected from the group consisting of: a reporter
protein, a selection marker, a protein conferring disease
resistance, protein conferring herbicide resistance, protein
conferring insect resistance; protein mvolved in carbohy-
drate metabolism, protein involved 1n fatty acid metabolism,
protein mvolved 1n amino acid metabolism, protein involved
in plant development, protein involved in plant growth
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regulation, protein involved 1n yield improvement, protein
involved in drought resistance, protein mvolved i cold

resistance, protein mvolved 1n heat resistance and protein
involved 1n salt resistance 1n plants.

12. A method of expressing a coding sequence or a func-
tional RNA 1n a plant comprising:

a) introducing the recombinant DNA construct of embodi-
ment 1 into the plant, wherein the at least one heter-
ologous sequence comprises a coding sequence or
encodes a functional RNA;

b) growing the plant of step a); and

¢) selecting a plant displaying expression of the coding
sequence or the functional RNA of the recombinant
DNA construct.

13. A method of transgenically altering a marketable plant
trait, comprising:

a) mtroducing a recombinant DNA construct of embodi-
ment 1 1mto the plant;

b) growing a fertile, mature plant resulting from step a);
and

¢) selecting a plant expressing the at least one heterolo-
gous sequence 1n at least one plant tissue based on the
altered marketable trat.

14. The method of embodiment 13 wherein the marketable
trait 1s selected from the group consisting of: disease resis-
tance, herbicide resistance, insect resistance carbohydrate
metabolism, fatty acid metabolism, amino acid metabolism,
plant development, plant growth regulation, yield improve-
ment, drought resistance, cold resistance, heat resistance,
and salt resistance.

15. A method for altering expression of at least one heter-
ologous sequence 1n a plant comprising;:

(a) transforming a plant cell with the recombinant DNA
construct of embodiment 1;:

(b) growing fertile mature plants from transformed plant
cell of step (a); and

(c) selecting plants containing the transformed plant cell
wherein the expression of the heterologous sequence 1s
increased or decreased.

16. The method of Embodiment 15 wherein the plant 1s a
soybean plant.

1’7. A method for expressing a green fluorescent protein
ZS-GREENI 1n a host cell comprising:

(a) transforming a host cell with the recombinant DNA
construct of embodiment 1; and,

(b) growing the transformed host cell under conditions
that are suitable for expression of the recombinant DNA
construct, wherein expression of the recombinant DNA
construct results 1 production of increased levels of ZS
GREENI protein 1n the transformed host cell when com-
pared to a corresponding non-transformed host cell.

18. A plant stably transtormed with a recombinant DNA
construct comprising a soybean constitutive promoter and a
heterologous nucleic acid fragment operably linked to said
constitutive promoter, wherein said constitutive promoter 1s
a capable of controlling expression of said heterologous
nucleic acid fragment in a plant cell, and further wherein
said constitutive promoter comprises any of the sequences
set forth 1n SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3,
SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, or SEQ ID
NO:39.

EXAMPLES

The present mnvention 1s further defined 1n the following
Examples, 1n which parts and percentages are by weight and

degrees are Celsius, unless otherwise stated. Sequences of
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promoters, CDNA, adaptors, and primers listed 1n this inven-
tion all are in the 5' to 3' orientation unless described

otherwise. Techniques 1n molecular biology were typically
performed as described 1 Ausubel, F. M. et al., In Current
Protocols 1n Molecular Biology; John Wiley and Sons: New
York, 1990 or Sambrook, I. et al., In Molecular Cloning: A
[aboratory Manual; 2% ed.; Cold Spring Harbor Laboratory
Press: Cold Spring Harbor, N.Y., 1989 (hereimnafter “Sam-
brook et al., 19897). It should be understood that these
Examples, while indicating preferred embodiments of the
invention, are given by way of illustration only. From the
above discussion and these Examples, one skilled in the art
can ascertain the essential characteristics of this invention,
and without departing from the spirit and scope thereot, can
make various changes and modifications of the invention to
adapt 1t to various usages and conditions. Thus, various
modifications of the mvention 1n addition to those shown
and described herein will be apparent to those skilled 1n the
art from the foregoing description. Such modifications are
also intended to fall within the scope of the appended claims.

The disclosure of each reference set forth herein 1s incor-
porated herein by reference 1n 1ts entirety.

Example 1

Identification of Soybean Constitutive Promoter
Candidate Genes

Soybean expression sequence tags (EST) were generated
by sequencing randomly selected clones from cDNA librar-
1ies constructed from different soybean tissues. Multiple EST
sequences could often be found with different lengths rep-
resenting the diflerent regions of the same soybean gene. IT
more EST sequences representing the same gene are Ire-
quently found from a tissue-specific cDNA library such as a
flower library than from a leaf library, there i1s a possibility
that the represented gene could be a flower preferred gene
candidate. Likewise, 1 similar numbers of ESTs for the same
gene were found 1n various libraries constructed from diif-
ferent tissues, the represented gene could be a constitutively
expressed gene. Multiple EST sequences representing the
same soybean gene were compiled electronically based on
theirr overlapping sequence homology nto a unique full
length sequence representing the gene. These assembled
unique gene sequences were accumulatively collected in
Pioneer Hi-Bred Intl proprietary searchable databases.

To 1dentily constitutive promoter candidate genes,
searches were performed to look for gene sequences that
were found at similar frequencies in leaf, root, tlower,
embryos, pod, and also 1n other tissues. One unique gene
PS0O46°7143 was 1dentified in the search to be a moderate
constitutive gene candidate. PSO467143 c¢cDNA sequence
(SEQ ID NO:135) as well as its putative translated protein
sequence (SEQ ID NO:16) were used to search National
Center for Biotechnology Information (NCBI) databases.
Both PS0O467143 nucleotide and amino acid sequences were
found to have high homology to eukaryotic glyceraldehyde-
3-phosphate dehydrogenase genes discovered in several
plant species including several Glycine max clones such as
SEQ ID NO:38, NCBI accession DQ355800.

Solexa digital gene expression dual-tag-based mRNA
profiling using the Illumina (Genome Analyzer) GA2
machine 1s a restriction enzyme site anchored tag-based
technology, 1n this regard similar to Mass Parallel Signature
Sequence transcript profiling technique (MPSS), but with
two key differences (Morrissy et al., Genome Res. 19:1825-

1835 (2009); Brenner et al., Proc. Natl. Acad. Sci. USA
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97:1665-70 (2000)). Firstly, not one but two restriction
enzymes were used, Dpnll and Nlal, the combination of

which increases gene representation and helps moderate
expression variances. The aggregate occurrences of all the
resulting sequence reads emanating from these Dpnll and
Nlal sites, with some repetitive tags removed computation-
ally were used to determine the overall gene expression
levels. Secondly, the tag read length used here 1s 21 nucleo-
tides, giving the Solexa tag data higher gene match fidelity
than the shorter 17-mers used in MPSS. Soybean mRNA
global gene expression profiles are stored in a Pioneer
proprictary database TDExpress (Tissue Development
Expression Browser). Candidate genes with different
expression patterns can be searched, retrieved, and further
evaluated.

The soybean glyceraldehyde-3-phosphate dehydrogenase
gene PSO467143 (GAPD) corresponds to predicted gene
Glyma06g18110.1 1n the soybean genome, sequenced by the
DOE-JGI Community Sequencing Program consortium
(Schmutz I, et al., Nature 463:178-183 (2010)). The GAPD
expression profiles in twenty one tissues were retrieved from
the TDExpress database using the gene 1D
Glyma06g18110.1 and presented as parts per ten millions
(PPTM) averages of three experimental repeats (FIG. 1).
The GAPD gene 1s expressed 1 all checked tissues at
similarly moderate levels to qualily as a candidate gene from
which to clone a moderate constitutive promoter.

Example 2
Isolation of Soybean GAPD Promoter

The PSO467143 cDNA sequence was BLAST searched
against the soybean genome sequence database (Schmutz J,
et al., Nature 463:178-183 (2010)) to 1dentily corresponding

genomic DNA. The ~1.5 kb sequence upstream of the
PS0O467143 start codon ATG was selected as GAPD pro-
moter to be amplified by PCR (polymerase chain reaction).
The primers shown i SEQ ID NO:7 and 8 were then
designed to amplity by PCR the putative full length 1469 bp
GAPD promoter from soybean cultivar Jack genomic DNA
(SEQ ID NO:1). SEQ ID NO:7 contains a recognition site
for the restriction enzyme Xmal. SEQ ID NO:8 contains a
recognition site for the restriction enzyme Ncol. The Xmal
and Ncol sites were included for subsequent cloning.

PCR cycle conditions were 94° C. for 4 minutes; 335
cycles of 94° C. for 30 seconds, 60° C. for 1 minute, and 68°
C. for 2 minutes; and a final 68° C. for 5 minutes before
holding at 4° C. using the Platinum high fidelity Tag DNA
polymerase (Invitrogen). The PCR reaction was resolved
using agarose gel electrophoresis to identify the right size
PCR product representing the ~1.5 Kb GAPD promoter. The
PCR fragment was first cloned into pCR2.1-TOPO vector by
TA cloning (Invitrogen). Several clones containing the ~1.5
Kb DNA 1nsert were sequenced and only one clone with the
correct GAPD promoter sequence was selected for further
cloning. The plasmid DNA of the selected clone was

digested with Xmal and Ncol restriction enzymes to move
the GAPD promoter upstream of the ZS-GREEN1 (GFP)

fluorescent reporter gene 1 QC690 (FIG. 3A, SEQ ID
NO:17). Construct QC690 contains the recombination sites
AttL1 and AttL.2 (SEQ ID NO:32 and 35) to quality as a
GATEWAY® cloning entry vector (Invitrogen). The 1469
bp sequence upstream of the GAPD gene PSO467143 start
codon ATG including the Xmal and Ncol sites 1s herein
designated as soybean GAPD promoter, GM-GAPD PRO
(SEQ ID NO:1).
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Comparison of SEQ ID NO:1 to a soybean cDNA library
revealed that SEQ ID NO:1 comprised a 5' untranslated

region (UTR) at 1ts 3' end of at least 83 base pairs (SEQ 1D
NO:40). It 1s known to one of skilled 1n the art that a 5' UTR
region can be altered (deletion or substitutions of bases) or
replaced by an alternative 5' UTR while maintaining pro-
moter activity.

Example 3
GAPD Promoter Copy Number Analysis

Southern hybridization analysis was performed to exam-
ine whether additional copies or sequences with significant
similarity to the GAPD promoter exist in the soybean
genome. Soybean ‘Jack’ wild type genomic DNA was
digested with nine different restriction enzymes, BamHI,
Bglll, Dral, EcoRI, EcoRYV, HindIll, Miel, Ndel, and Spel
and distributed 1n a 0.7% agarose gel by electrophoresis. The
DNA was blotted onto Nylon membrane and hybridized at
60° C. with digoxigenin labeled GAPD promoter DNA
probe in Easy-Hyb Southern hybridization solution, and
then sequentially washed 10 minutes with 2xSSC/0.1% SDS
at room temperature and 3x10 minutes at 65° C. with
0.1xS5C/0.1% SDS according to the protocol provided by
the manufacturer (Roche Applied Science, Indianapolis,
Ind.). The GAPD promoter probe was labeled by PCR using
the DIG DNA labeling kit (Roche Applied Science) with
primers QC690-S3 (SEQ ID NO:12) and QC690-A (SEQ ID
NO:9) and QC690 plasmid DNA (SEQ ID NO:17) as the
template to make a 637 bp long probe covering the 3' half of
the GAPD promoter (FIG. 2B).

Only two Dral and Ndel of the nine restriction enzymes
would cut the 637 bp GAPD promoter probe region. Dral
would cut the region once mto 54, and 583 bp fragments so
only the 3' GAPD promoter fragment corresponding to the
583 bp probe fragment would be detected by Southern
hybridization with the 637 bp GAPD probe (FIG. 2B). Ndel
would cut the region only once mto 83, and 554 bp frag-
ments so only the 3' GAPD promoter fragment correspond-
ing to the 554 bp probe fragment would be detected. DNA
fragments created by Dral or Ndel digestion containing 54
or 83 bp long sequences corresponding to the 3' GAPD
probe regions was too short to stably hybridize to the probe
under stringent conditions. None of the other seven restric-
tion enzymes BamHI, Bglll, EcoRI, EcoRYV, HindlIl, Mfel,
and Spel would cut the GAPD promoter probe region.
Theretfore, only one band would be expected to be hybrid-
ized for each of the mine digestions 1f only one copy of
GAPD promoter sequence exists in soybean genome (FIG.
2B). The observation that only one band was detected 1n all
nine digestions suggested that there 1s only one sequence
with significant homology to the 637 bp probe region of the
GAPD promoter 1n soybean genome (FI1G. 2A). The DIGVII
molecular markers used on the Southern blot are 8576, 7427,
6106, 4899, 3639, 2799, 1953, 1882, 1515, 1482, 1164, and
992 bp.

Since the whole soybean genome sequence 1s now pub-
lically available (Schmutz J, et al., Nature 463:178-183
(2010)), the GAPD promoter copy numbers can also be
cvaluated by searching the soybean genome with the 1469
bp promoter sequence (SEQ ID NO:1). Consistent with
above Southern analysis, one sequence Gm06:1442°7908-
14426438 (rev) very similar to the GAPD promoter
sequence 7-1469 bp was 1dentified. Parts of the 3' end 6 bp
and 3' end 6 bp of the 1469 bp GAPD promoter may not

match the genomic GmO6 sequence since they are artificially
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added Xmal and Ncol sites. The BLAST search did not
detect any other sequence with significant homology to the

GAPD promoter supporting the conclusion that there 1s only
one GAPD promoter sequence in soybean genome.

FIG. 8 shows a nucleotide sequence alignment of SEQ 1D
NO:1, comprising the full length GAPD promoter of the
disclosure, and SEQ ID NO:39, comprising a 1471 bp native
soybean genomic DNA from Gm06:14427908-14426438
(rev) cultivar “Williams82” (Schmutz J. et al., Nature 463:
1'78-183, 2010). As shown 1 FIG. 8, the GAPD promoter of
SEQ ID NO:1 1s 99.2% 1dentical to SEQ ID NO:39, based
on the Clustal V method of alignment with pairwise align-
ment default parameters (KTUPLE=2, GAP PENALTY=5,
WINDOW=4 and DIAGONALS SAVED=4). Based on the
data described 1n Examples 1-7, it 1s believed that SEQ 1D
NO:39 has promoter activity.

Example 4

GAPD:GFP Reporter Gene Constructs and Soybean
Transformation

The GAPD:GFP cassette in QC690 (SEQ ID NO:17; FIG.
3A) was moved mto a GATEWAY® destination vector
QC4781 (SEQ ID NO:18) by LR Clonase® (Invitrogen)
mediated DNA recombination between the attlL1 and attl.2
recombination sites (SEQ ID NO:32, and 33, respectively)
in QC690 and the attR1-attR2 recombination sites (SEQ ID
NO:34, and 35, respectively) in QC4781 to make the final
transformation construct QC699 (SEQ ID NO:19; FIG. 3B).

Since the GATEWAY® destination vector QC4781
already contains a soybean transformation selectable marker
gene SAMS:HRA, the resulting DNA construct QC699 has
the GAPD:GFP gene expression cassette linked to the SAM-
S:HRA cassette (FIG. 3B). Two 21 bp recombination sites
attB1 and attB2 (SEQ ID NO:36, and 37/, respectively) were
newly created recombination sites resulting from DNA
recombination between attl.1 and attR1, and between att.2
and attR2, respectively. The 6897 bp DNA fragment con-
taining the linked GAPD:GFP and SAMS:HRA expression
cassettes was 1solated from plasmid QC699 (SEQ ID
NO:19) with Ascl digestion, separated from the vector
backbone fragment by agarose gel electrophoresis, and
purified from the gel with a DNA gel extraction kit (QIA-
GEN®, Valencia, Calif.). The purified DNA fragment was
transformed to soybean cultivar Jack by the method of
particle gun bombardment (Klein et al., Nature 327:70-73
(1987); U.S. Pat. No. 4,945,050) as described in detail below
to study the GAPD promoter activity in stably transformed
soybean plants.

The same methodology as outlined above for the GAPD:
GFP expression cassette construction and transformation
can be used with other heterologous nucleic acid sequences
encoding for example a reporter protein, a selection marker,
a protein conferring disease resistance, protein conferring
herbicide resistance, protein conferring insect resistance;
protein 1nvolved 1n carbohydrate metabolism, protein
involved 1n fatty acid metabolism, protein mnvolved 1n amino
acid metabolism, protein nvolved in plant development,
protein mnvolved 1n plant growth regulation, protein involved
in vield improvement, protein involved in drought resis-
tance, protein mvolved 1n cold resistance, protein involved
in heat resistance and salt resistance in plants.

Soybean somatic embryos from the Jack cultivar were
induced as follows. Cotyledons (~3 mm 1n length) were
dissected from surface sterilized, immature seeds and were
cultured for 6-10 weeks 1n the light at 26° C. on a Murashige
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and Skoog (MS) media containing 0.7% agar and supple-
mented with 10 mg/ml 2.,4-D (2,4-Dichlorophenoxyacetic
acid). Globular stage somatic embryos, which produced
secondary embryos, were then excised and placed into flasks
containing liquid MS medium supplemented with 2,4-D (10
mg/ml) and cultured in the light on a rotary shaker. After
repeated selection for clusters of somatic embryos that
multiplied as early, globular staged embryos, the soybean
embryogenic suspension cultures were maintained in 35 ml
liqguid media on a rotary shaker, 150 rpm, at 26° C. with
fluorescent lights on a 16:8 hour day/night schedule. Cul-
tures were subcultured every two weeks by inoculating
approximately 35 mg of tissue mto 35 ml of the same fresh
liquid MS medium.

Soybean embryogenic suspension cultures were then
transformed by the method of particle gun bombardment
using a DuPont Biolistic™ PDS1000/HE 1nstrument (Bio-
Rad Laboratories, Hercules, Calif.). To 50 ul of a 60 mg/ml
1.0 mm gold particle suspension were added (in order): 30
wl of 30 ng/ul QC589 DNA fragment GAPD:GFP+SAMS:
HRA, 20 ul of 0.1 M spermidine, and 25 ul of 5 M CaCl,,.
The particle preparation was then agitated for 3 minutes,
spun 1n a centrifuge for 10 seconds and the supernatant
removed. The DNA-coated particles were then washed once
in 400 ul 100% ethanol and resuspended 1 45 ul of 100%
ethanol. The DNA/particle suspension was sonicated three
times for one second each. Then 5 ul of the DNA-coated
gold particles was loaded on each macro carrier disk.

Approximately 300-400 mg of a two-week-old suspen-
sion culture was placed 1n an empty 60x15 mm Petr1 dish
and the residual liquid removed from the tissue with a
pipette. For each transformation experiment, approximately
5 to 10 plates of tissue were bombarded. Membrane rupture
pressure was set at 1100 ps1 and the chamber was evacuated
to a vacuum of 28 inches mercury. The tissue was placed
approximately 3.5 inches away from the retaining screen
and bombarded once. Following bombardment, the tissue
was divided 1n half and placed back into liquid media and
cultured as described above.

Five to seven days post bombardment, the liquid media
was exchanged with fresh media containing 100 ng/ml
chlorsulfuron as selection agent. This selective media was
refreshed weekly. Seven to eight weeks post bombardment,
green, transformed tissue was observed growing from
untransformed, necrotic embryogenic clusters. Isolated
green tissue was removed and inoculated into individual
flasks to generate new, clonally propagated, transformed
embryogenic suspension cultures. Each clonally propagated
culture was treated as an independent transformation event
and subcultured 1n the same liquid MS media supplemented
with 2,4-D (10 mg/ml) and 100 ng/ml chlorsulfuron selec-
tion agent to increase mass. The embryogenic suspension
cultures were then transferred to agar solid MS media plates
without 2,4-D supplement to allow somatic embryos to
develop. A sample of each event was collected at this stage
for quantitative PCR analysis.

Cotyledon stage somatic embryos were dried-down (by
transferring them into an empty small Petr1 dish that was
seated on top of a 10 cm Petr1 dish containing some agar gel
to allow slow dry down) to mimic the last stages of soybean
seed development. Dried-down embryos were placed on
germination solid media and transgenic soybean plantlets
were regenerated. The transgenic plants were then trans-
ferred to soil and maintained 1n growth chambers for seed
production.

Genomic DNA were extracted from somatic embryo
samples and analyzed by quantitative PCR using a 7500 real
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time PCR system (Applied Biosystems, Foster City, Calif.)
with gene-specific primers and FAM-labeled fluorescence
probes to check copy numbers of both the SAMS:HRA

expression cassette and the GAPD:GFP expression cassette.
The gPCR analysis was done 1n duplex reactions with a heat
shock protein (HSP) gene as the endogenous controls and a
transgenic DNA sample with a known single copy of SAMS:
HRA or GFP transgene as the calibrator. The endogenous
control HSP probe was labeled with VIC and the target gene
SAMS:HRA or GFP probe was labeled with FAM for the
simultaneous detection of both fluorescent probes (Applied
Biosystems). PCR reaction data were captured and analyzed
using the sequence detection soitware provided with the
7500 real time PCR system and the gene copy numbers were

calculated using the relative quantification methodology
(Applied Biosystems).

The primers and probes used 1in the gPCR analysis are
listed below.
SAMS forward primer: SEQ ID NO:23
FAM labeled ALS probe: SEQ ID NO:24
ALS reverse prlmer SEQ ID NO:25
GFP forward primer: SEQ 1D NO:26
FAM labeled GFP probe: SEQ 1D NO:27
GFP reverse primer: SEQ ID NO:28
HSP forward primer: SEQ 1D NO:29
VIC labeled HSP probe: SEQ ID NO:30
HSP reverse primer: SEQ ID NO:31

Only transgenic soybean events contaiming 1 or 2 copies
of both the SAMS:HRA expression cassette and the GAPD:
GFP expression cassette were selected for further gene
expression evaluation and seed production (see Table 1).
Events negative for GFP qPCR or with more than 2 copies
for the SAMS:HRA gPCR were not further followed. GFP
expressions are described in detail in EXAMPLE 7 and are
also summarized 1n Table 1.

TABLE 1

Relative transgene copy numbers and YEFP
expression of GAPD:GFP transgenic plants

GFEP GFP SAMS:HRA
Clone ID eXpression qPCR qPCR
884%.1.2 + 0.6 0.3
884%.1.3 + 1.5 1.4
8848%.1.4 + 1.5 0.4
8848%.1.5 + 1.8 1.7
8848.1.6 + 1.1 0.9
884%.3.1 + 1.5 0.9
8848.3.4 + 1.4 1.3
884%.6.1 + 1.2 1.1
8R848.6.2 + 1.7 1.5
8848.6.4 + 1.8 0.6
8848.6.5 + 1.4 0.8
8848.6.6 + 1.7 0.5
8R848.6.7 + 0.7 0.8
884%.6.10 + 0.7 1.1
8848.6.11 + 0.7 0.8
884%.6.12 + 0.6 0.5
884%.6.13 + 1.4 1.3
884%.6.15 + 1.3 0.6
Example 5

Construction of GAPD Promoter Deletion
Constructs

To define the transcriptional elements controlling the
GAPD promoter activity, the 1469 bp full length (SEQ ID
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NO:1) and five 5" unidirectional deletion fragments 1148 bp,
850 bp, 637 bp, 425 bp, and 211 bp 1n length corresponding

to SEQ ID NO:2, 3, 4, 5, and 6, respectively, were made by
PCR amplification from the full length soybean GAPD
promoter contained 1n the original construct QC690 (FIG.
3A). The same antisense primer QC690-A (SEQ ID NO:9)
was used 1n the amplification by PCR of all the six GAPD
promoter fragments (SEQ ID NOs: 2, 3, 4, 5, and 6) by
pairing with different sense primers SEQ 1D NOs:10, 11, 12,
13, and 14, respectively. Each of the PCR amplified pro-
moter DNA fragments was cloned into the GATEWAY®
cloning ready TA cloning vector pCR8/GW/TOPO (Invit-
rogen) and clones with the correct orientation, relative to the
GATEWAY® recombination sites attl.l] and attl.2, were
selected by sequence confirmation. The map of construct
QC690-1 (SEQ ID NO:20) containing the 1148 bp GAPD
promoter fragment (SEQ ID NO:2) 1s shown 1n FIG. 4A.
The maps of constructs QC690-2, 3, 4, and 5 containing the
truncated GAPD promoter fragments SEQ ID NOs:3, 4, 5,
and 6 are similar to QC690-1 map and are not showed. The
promoter fragment 1n the right orientation was subsequently

cloned into a GATEWAY® destination vector QC330 (SEQ
ID NO:21) by GATEWAY® LR Clonase® reaction (Invit-
rogen) to place the promoter fragment 1n front of the reporter
gene Y FP (see the example map QC690-1Y i FIG. 4B and
SEQ ID NO:22). A 21 bp GATEWAY® recombination site
attB2 (SEQ ID NO:37) was inserted between the promoter
and the YFP reporter gene coding region as a result of the
GATEWAY® cloning process. The maps and sequences of
constructs QC690-2Y, 3Y, 4Y, and 5Y containing the GAPD
promoter fragments SEQ ID NOs: 3, 4, 5, and 6 are similar
to QC690-1Y map and sequence and are not shown.

The GAPD:YFP promoter deletion constructs were deliv-
ered 1nto germinating soybean cotyledons by gene gun
bombardment for transient gene expression study. A similar
construct pZSL90 with a constitutive promoter SCP1 (U.S.
Pat. No. 6,555,673) driving YFP expression and a promoter-
less construct QC330-Y were used as positive and negative
controls, respectively. The GAPD promoter fragments ana-
lyzed are schematically described in FIG. §.

Example 6

Transient Expression Analysis of GAPD:YFP
Constructs

The constructs containing the full length and truncated

GAPD promoter fragments (QC690, QC690-1Y, 2Y, 3Y, 4Y,
and 5Y) were tested by transiently expressing the reporter
gene ZS-GREEN1 (GFP) or ZS-YELLOW1 N1 (YFP) 1n
germinating soybean cotyledons Soybean seeds were rinsed
with 10% TWEEN® 20 in sterile water, surface sterilized
with 70% ethanol for 2 minutes and then by 6% sodium
hypochloride for 15 minutes. After rinsing the seeds were
placed on wet filter paper in Petr1 dish to germinate for 4-6
days under light at 26° C. Green cotyledons were excised
and placed mmner side up on a 0.7% agar plate containing
Murashige and Skoog media for particle gun bombardment.
The DNA and gold particle mixtures were prepared similarly
as described in EXAMPLE 4 except with more DNA (100
ng/ul). The bombardments were also carried out under
similar parameters as described m EXAMPLE 4. YFP
expression was checked under a Leica MZFLIII stereo
microscope equipped with UV light source and appropnate
light filters (Leica Microsystems Inc., Bannockburn, Ill.) and
pictures were taken approximately 24 hours after bombard-
ment with 8x magnification using a Leica DFC500 camera
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with settings as 0.60 gamma, 1.0 gain, 0.70 saturation, 61
color hue, 56 color saturation, and 0.51 second exposure
(shown 1n black and white 1n FIG. 6 A-FIG. 6H).

The full length GAPD promoter constructs QC690 had
strong yellow fluorescence signals in transient expression
assay similar to the positive control pZSL90 bp showing
bright yellow dots 1n red background (shown as white dots
on a black background in FIG. 6A-6H). Each dot repre-
sented a single cotyledon cell which appeared larger i1 the
fluorescence signal was strong or smaller 11 the fluorescence
signal was weak even under the same magnification (FIG.
6A-FIG. 6H). The attB2 site mnserted between the GAPD
promoter and YFP gene did not seem to interfere with
promoter activity and reporter gene expression for the
deletion constructs. The deletion construct QC690-1Y (FIG.
6D) with the 1148 bp GAPD promoter showed slightly
reduced vyellow tluorescence signals though comparable to
the full length 1469 bp GAPD promoter construct QC690
(FIG. 6C) that has the GFP reporter gene. Further deletions
of the GAPD promoter to 830, 637, 425, and 211 bp 1n
constructs QC690-2Y (FIG. 6E), QC690-3Y (FIG. 6F),
QC690-4Y (FIG. 6G), and QC690-5Y (FIG. 6H) resulted 1n
gradual reductions of the promoter strength. Faint yellow
dots were still detectable 1n even the shortest construct
QC690-5Y (shown as white dots on a black background 1n
FIG. 6A-6H), suggesting that as short as 211 bp GAPD
promoter sequence upstream of the start codon ATG was
long enough for the minimal expression of a reporter gene.

This data clearly indicates that all deletion constructs are

functional as a constitutive promoter and as such SEQ ID
NO: 2, 3, 4, 5, 6 are all functional fragment s of SEQ ID

NO:1.

Example 7

GAPD:GFP Expression 1n Stable Transgenic
Soybean Plants

The stable expression of the fluorescent protein reporter
gene ZS-GREEN1 (GFP) driven by the full length GAPD
promoter (SEQ ID NO:1, construct QC699) 1n transgenic
soybean plants 1s shown as white tissues 1n FIG. 7TA-FIG. 7P.

/5-GREEN1 (GFP) gene expression was tested at differ-
ent stages of transgenic plant development for green fluo-
rescence emission under a Leica MZFLIII stereo microscope
equipped with appropriate tluorescent light filters. Green
fluorescence (shown as white i FIG. 7A-FIG. 7P.) was
detectable in globular and young heart stage somatic
embryos during the suspension culture period of soybean
transformation (FIG. 7A). Moderate GFP expression was
continuously detected 1n differentiating cotyledon somatic
embryos placed on solid medium and then throughout later

stages until fully developed drying down somatic embryos
(FIG. 7B, FIG. 7C). The negative section of a positive

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 40
<210>
<211>
<212>

<213>

SEQ ID NO 1

LENGTH: 1469

TYPE: DNA

ORGANISM: Glycine max

<400> SEQUENCE: 1

ccegggeteg ctectttgtg atttcectcatt agaaaataga atctagaaac tataggatag
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embryo cluster emitted weak red color (shown as grey 1n
FIG. 7TA-FIG. 7P) due to auto fluorescence from the chlo-

rophyll contamned 1n soybean green tissues including
embryos. The reddish green fluorescence indicated that the
GFP expression was moderate since everything would be
bright green 1 the GFP gene was driven by a strong
constitutive promoter. When transgenic plants regenerated,
GFP expression was detected in most tissues checked, such
as flower, leat, stem, root, pod, and seed (FIG. 7D-FIG. 7P).
Negative controls for most tissue types displayed in FIG.
7A-FIG. 7P are not shown, but any green tissue such as leaf
or stem negative for GFP expression would look red (1llus-
trated as grey 1n the figures ) and any white tissue such as root
and petal would look dull yellowish under the GFP fluores-
cent light filter.

A soybean flower consists of five sepals, five petals
including one standard large upper petal, two large side
petals, and two small lower petals called kneel to enclose ten
stamens and one pistil. The pistil consists of a stigma, a
style, and an ovary 1n which there are 2-4 ovules. A stamen
consists of a filament, and an anther on 1ts tip. The filaments
of nine of the stamens are fused and elevated as a single
structure with a posterior stamen remaining separate. Pollen
grains reside inside anther chambers and are released during
pollination the day before the fully opening of the flower.
Fluorescence signals were detected in sepals, petals, and
pistils of both flower buds and open flowers and but hardly
in stamens or ovules (FIG. 7D-FIG. 7G). Fluorescence
signals were concentrated in the stomata guard cells of sepal
and pistil as shown 1n close-up views (FIG. 7E, FIG. 7G).

Green fluorescence was detected mainly 1n the stomata
guard cells and veins of fully developed leaf and stem (FIG.
7H, FI1G. 71), and the vascular bundles of stem, leaf petiole,
and root of TO adult plant (FIG. 7J-FIG. 7L). Strong
fluorescence signals were primarily detected 1n the phloem
of the vascular bundles of stem, leal petiole, and root as
clearly shown 1n their cross sections. Fluorescence signals
were detected 1n pod coat also concentrated in the stomata
guard cells as clearly shown in the close-up view (FIG. 7TM).

Moderate fluorescence signals were detected 1n develop-
ing seeds of the GAPD:GFP transgenic plants from young
R3 pod of ~5 mm long, to full R4 pod of ~20 mm long, until
clongated pods filled with R5, R6 seeds (FIG. 7TN-FIG. 7P).
Fluorescence signals were concentrated 1n seed coat only 1n
young R3, R4 seeds (FIG. 7TN) and then 1n cotyledons and
the mside of seed coat of older seeds (FIG. 70, FIG. 7P).
The seed and pod development stages were defined accord-
ing to descriptions 1n Fehr and Caviness, IWSRBC 80:1-12
(1977).

In conclusion, GAPD:GFP expression was detected mod-
crately 1n most tissues throughout transgenic plant develop-
ment indicating that the soybean GAPD promoter 1s a
moderate constitutive promoter, specifically with pretferred
strong expression 1n stomata guard cells.

60
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cgttacacac ttacaaaata taagtatttc actcaatttt tgacaagttg ttattttttce 120
ggtaaattat gataatgaca ttttaatttt agtacatgaa tgagttaatg ttaaaaatat 180
aaggaataag aagttagctt ttataatttt atgataatat taataataat aataataata 240
gtgatttttt aagatatgaa aaactaaatt tatgtttttt ttcccaaata actgctaatt 300
agtatgaata ggataggatt agtacaatct attgcaggaa agtatgtgtt catgttttat 360
tagacaaaaa ttaaacaaaa ttttaaaata aaaaacagag gaaatcatgc cttggcttgg 420
taacttacta tcttctggtc cttcatatga taaacaaaca gtgttttttt cccctaatca 480
taagaatcat ataattattt ttaaatgtat taataactat ttttttatat ctttaatttg 540
ttgtgaagtc ttttaatgat cactcattat tcatgaaagt atatacagtt aatgaactat 600
taataatata acttattctc atcggttaac aagtattttt catgtattat gagtagtgat 660
attatatgta accacttctt atatccattg attttatgga tatttttaaa ataaaatttg 720
aatttatatt agtattaatt aaaagtaact actttaatca tttttatttg tcttgattat 780
ttaatcttat ggttttcatt tgtgatgatg atcaaagata gtatgatagt atgattttgt 840
tatatttgtg caacacttag ttatgtttaa taattttttt taaaaaaata taaatatatt 900
gaaaaggtca tatgcaagcg gtagcctcac ccaagaataa ttaaaataga cccaaattct 560
ctgaataaat agacctaaat actccatgaa tgtgtttcat tgtttgttat ttgatgttca 1020
tcaaatatca aatataatta aagctcatca tattttcgta cagtatagta ttagtattat 1080
atcctgctca ccaaaccaaa catctaagaa taaccttatt tcatttagaa aaaaaaaacc 1140
caagtaaaat tgaaaaaaga atcaaaacaa taaaaagaga gaaaagcgaa tggaatattc 1200
gcatatctgt tggcgtgaaa cagaaaccac aaaaaaaaaa aaaaaaaacg gtacaccgta 1260
gtagtccttyg gcaaagcatc acgagtcaca aggcggtceccece gtaggagtca cgcacttcac 1320
ttggcccatt tacctgtcat tgcecggtcttt tactcttctce aataccttat taaaacccta 1380
tctcactcac tcactcacac cgttccattt ctcaacaact tctgctactt cctactccaa 1440
ccgcacttct gctccgcaat tatccatgg 1469
<210> SEQ ID NO 2
<211> LENGTH: 1148
<212> TYPE: DNA
<213> ORGANISM: Glycine max
<400> SEQUENCE: 2
gattagtaca atctattgca ggaaagtatg tgttcatgtt ttattagaca aaaattaaac 60
aaaattttaa aataaaaaac agaggaaatc atgccttggce ttggtaactt actatcttct 120
ggtccttcat atgataaaca aacagtgttt ttttccceccta atcataagaa tcatataatt 180
atttttaaat gtattaataa ctattttttt atatctttaa tttgttgtga agtcttttaa 240
tgatcactca ttattcatga aagtatatac agttaatgaa ctattaataa tataacttat 300
tctcatcggt taacaagtat ttttcatgta ttatgagtag tgatattata tgtaaccact 360
tcttatatce attgatttta tggatatttt taaaataaaa tttgaattta tattagtatt 420
aattaaaagt aactacttta atcattttta tttgtcttga ttatttaatc ttatggtttt 480
catttgtgat gatgatcaaa gatagtatga tagtatgatt ttgttatatt tgtgcaacac 540
ttagttatgt ttaataattt tttttaaaaa aatataaata tattgaaaag gtcatatgca 600
agcggtagee tcacccaaga ataattaaaa tagacccaaa ttcectcectgaat aaatagacct 660
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aaatactcca tgaatgtgtt tcattgtttg ttatttgatg ttcatcaaat atcaaatata 720
attaaagctc atcatatttt cgtacagtat agtattagta ttatatcctg ctcaccaaac 780
caaacatcta agaataacct tatttcattt agaaaaaaaa aacccaagta aaattgaaaa 840
aagaatcaaa acaataaaaa gagagaaaag cgaatggaat attcgcatat ctgttggegt 900
gaaacagaaa ccacaaaaaa aaaaaaaaaa aacggtacac cgtagtagtc cttggcaaag 960
catcacgagt cacaaggcgg tcccgtagga gtcacgcact tcacttggcce catttacctg 1020
tcattgcggt cttttactcect tcectcaatacce ttattaaaac cctatctcac tcactcactce 1080
acaccgttce atttctcaac aacttctgcect acttectact ccaaccgcecac ttcectgcetecg 1140
caattatc 1148
<210> SEQ ID NO 3
<211> LENGTH: 850
<212> TYPE: DNA
<213> ORGANISM: Glycine max
<400> SEQUENCE: 3
attctcatcg gttaacaagt atttttcatg tattatgagt agtgatatta tatgtaacca 60
cttcttatat ccattgattt tatggatatt tttaaaataa aatttgaatt tatattagta 120
ttaattaaaa gtaactactt taatcatttt tatttgtctt gattatttaa tcttatggtt 180
ttcatttgtg atgatgatca aagatagtat gatagtatga ttttgttata tttgtgcaac 240
acttagttat gtttaataat tttttttaaa aaaatataaa tatattgaaa aggtcatatg 300
caagcggtag cctcacccaa gaataattaa aatagaccca aattctctga ataaatagac 360
ctaaatactc catgaatgtg tttcattgtt tgttatttga tgttcatcaa atatcaaata 420
taattaaagc tcatcatatt ttcgtacagt atagtattag tattatatcc tgctcaccaa 480
accaaacatc taagaataac cttatttcat ttagaaaaaa aaaacccaag taaaattgaa 540
aaaagaatca aaacaataaa aagagagaaa agcgaatgga atattcgcat atctgttggce 600
gtgaaacaga aaccacaaaa aaaaaaaaaa aaaacggtac accgtagtag tceccttggcaa 660
agcatcacga gtcacaaggc ggtcccecgtag gagtcacgca cttcacttgg cccatttacce 720
tgtcattgcg gtcttttact cttctcaata ccttattaaa accctatctce actcactcac 780
tcacaccgtt ccatttctca acaacttctg ctacttceccta ctccaaccge acttcetgcetce 840
cgcaattatc 850
<210> SEQ ID NO 4
<211> LENGTH: 637
<212> TYPE: DNA
<213> ORGANISM: Glycine max
<400> SEQUENCE: 4
agtatgattt tgttatattt gtgcaacact tagttatgtt taataatttt ttttaaaaaa 60
atataaatat attgaaaagg tcatatgcaa gcggtagcecct cacccaagaa taattaaaat 120
agacccaaat tctctgaata aatagaccta aatactccat gaatgtgttt cattgtttgt 180
tatttgatgt tcatcaaata tcaaatataa ttaaagctca tcatattttc gtacagtata 240
gtattagtat tatatcctgc tcaccaaacc aaacatctaa gaataacctt atttcattta 300
gaaaaaaaaa acccaagtaa aattgaaaaa agaatcaaaa caataaaaag agagaaaagc 360
gaatggaata ttcgcatatc tgttggcgtg aaacagaaac cacaaaaaaa aaaaaaaaaa 420
acggtacacce gtagtagtcce ttggcaaagc atcacgagtc acaaggcggt cccgtaggag 480

40
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-continued
tcacgcactt cacttggceccce atttacctgt cattgcecggtce ttttactcett ctcaatacct 540
tattaaaacc ctatctcact cactcactca caccgttcecca tttctcaaca acttcectgceta 600
cttcctacte caaccgcact tcectgcectceccecge aattatce 637/
<210> SEQ ID NO &5
«211> LENGTH: 425
«212> TYPE: DNA
<213> ORGANISM: Glycine max
<400> SEQUENCE: b5
aaagctcatc atattttcecgt acagtatagt attagtatta tatcctgctce accaaaccaa 60
acatctaaga ataaccttat ttcatttaga aaaaaaaaac ccaagtaaaa ttgaaaaaag 120
aatcaaaaca ataaaaagag agaaaagcga atggaatatt cgcatatctg ttggcgtgaa 180
acagaaacca cCcaaaaaaaaa aaaaaaaaac ggtacaccdgt agtagtcctt ggcaaagcat 240
cacgagtcac aaggcggtcce cgtaggagtc acgcacttca cttggceccat ttacctgtcea 300
ttgcggtett ttactcttcect caatacctta ttaaaaccect atctcactca ctcactcaca 360
ccgttecatt tetcaacaac ttetgcectact tectactceca accgcactte tgctecgeaa 420
ttatc 425
«<210> SEQ ID NO 6
«211> LENGTH: 211
«212> TYPE: DNA
<213> ORGANISM: Glycine max
<400> SEQUENCE: 6
caccgtagta gtccttggceca aagcatcacg agtcacaagg cggtcceccgta ggagtcacgc 60
acttcacttg gcccatttac ctgtcattgce ggtcttttac tcttctcaat accttattaa 120
aaccctatcet cactcactca ctcacaccgt tceccatttcecte aacaacttcet gcectacttcect 180
actccaaccg cacttctget ccgcaattat c 211
«210> SEQ ID NO 7
<211> LENGTH: 34
«212> TYPE: DNA
<213> ORGANISM: Artificial sequence
«220> FEATURE:
<223> OTHER INFORMATION: Primer, PS0467143-F1
<400> SEQUENCE: 7
taccecgggcet cgctcectttyg tgatttctca ttag 34
«<210> SEQ ID NO 8
«211> LENGTH: 30
«<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
«220> FEATURE:
<223 > OTHER INFORMATION: Primer, PS0467143-R1
<400> SEQUENCE: 8
taccatggat aattgcggag cagaagtgcyg 30

<210> SEQ ID NO ©

<211> LENGTH: 23

<212> TYPE: DHNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer, QC690-A



US 9,719,101 B2
43

-continued

<400> SEQUENCE: 9

gataattgcg gagcagaagt gcg 23

<210> SEQ ID NO 10

<211l> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

223> OTHER INFORMATION: Primer, QC690-S1

<400> SEQUENCE: 10

gattagtaca atctattgca ggaaagtatg tg 32

<210> SEQ ID NO 11

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

«223> OTHER INFORMATION: Primer, QC690-S2
<400> SEQUENCE: 11

attctcatcg gttaacaagt atttttcatyg 30

<210> SEQ ID NO 12

<211l> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer, QC690-S3

<400> SEQUENCE: 12

agtatgattt tgttatattt gtgcaacact tag 33

<210> SEQ ID NO 13

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

«223> OTHER INFORMATION: Primer, QC690-S4

<400> SEQUENCE: 13

aaagctcatc atattttcgt acagtatagt attag 35

<210> SEQ ID NO 14

<211l> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

223> OTHER INFORMATION: Primer, QC690-S5
<400> SEQUENCE: 14

caccgtagta gtccttggca aagc 24

<210> SEQ ID NO 15

<211> LENGTH: 1392

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 15

ctcactcact cactcacacc

cgcacttctyg ctececgecaatt

gaattggccg tttggtagcec

ttaacgaccc tttcatcacc

gctccatttce

atcatgggca

agagtggctc

accgattaca

tcaacaactt

aggtcaagat

tgcagagaga

tgacatacat

ctgctacttce

cggaatcaac

cgatgttgaa

gtttaaatac

ctactccaac

ggatttggaa

ctcgttgecyg

gacagtgttc

60

120

180

240



atggacactg
acaagccagt
gagctgacat
atttgaaggg
ttgttgttygg
gctgcacaac
ttgagggttt
catcagccaa
ctggagctgc
tggcattccg
aagaagcttc
agggaattct
gatcaagtat
tttettggta
ttgccaagaa
atgtttatgt
aatcggtttc
tttgatgttt
tacttggett
gULCCLCCtttC
<210>
<211>

<212 >
<213>

gaagcatcac

cactattttt

cattgttgag

tggtgcaaag

tgtcaacgag

caactgcctt

gatgaccact

ggactggaga

caaggctgtt

tgttcccacc

ctacgatgaa

tggttacact

ttttgatgca

cgacaacgag

gtctctttaa

ttagctgcga

tgaaaccagt

tctettgtygg

gaatacttgc

CC

SEQ ID NO 1leo
LENGTH :
TYPE :
ORGANISM: Glycine

338
PRT

45

gatgtcaccy
ggacacagaa
tccaccggag
aaggttatta
cacgagtaca
gccccacttyg
gttcattcca
ggtggaagag
gggaaagtcc
gtggatgtct
attaaaaatg
gaagatgatyg
aaggctggaa

tggggataca

ggtgttactt
tttagtgtct

ggtgttactt

agggggatcg

taatgtactt

max

ttaaggacga

accctgaaga

ttttcaccga

tttctgcccc

agccagagct

ccaaggttat

tcaccgctac

ctgcttcatt

tcoctgettt

ctgttgttga

ctatcaagga

tggtctccac

ttgcattgaa

gctcacgtgt

caaagtagct

tgctcgagca

gttggaggag

agtttttgga

gttattgatt

US 9,719,101 B2

-continued

gaagaccctt

gatcccatgyg

taaggacaag

cagtaaggat

tgatattatt

caatgacagg

ccagaagact

taacatcatt

gaatggaaaa

cctcacagtyg

ggaatcagag

tgactttatc

taagaacttt

cattgatctt

tgtcttcaca

aaaaatgaga

cattagctct

CtLttatata

gttatagtag

ctctteggty

gggtcaactyg

gccgecgcac

gccceccocatgt

tccaatgcta

tttggcattg

gttgatggac

cctagcagca

ttgactggta

aggctggaga

ggcaagttga

ggcgatagca

gtgaagcttg

cttgtatteg

ttattaccgt

ggtctgaata

tttttggact

ctcgctgatg

atatttgtcc

300

360

420

480

540

600

660

720

780

840

500

960

1020

1080

1140

1200

1260

1320

1380

1392

<400>

SEQUENCE :

Met Gly Lys Val

1

Leu

Val

ASp
65

His

Tle

Hig

ASP

Glu
145

Val

Agn

ASp

50

Glu

ATy

Val

Leu

ala
120

Leu

Ala

ASP
35

Ser

Agn

Glu

Lys

115

Pro

ASP

ATrg

20

Pro

Val

Thr

Pro

Ser

100

Gly

Met

Tle

16

Phe

His

Leu

Glu

85

Thr

Gly

Phe

Tle

Tle

Ala

ITle

Gly

Leu

70

Glu

Gly

Ala

Val

Ser
150

Gly

Leu

Thr

His

55

Phe

ITle

Val

Val
135

Asn

Tle

Gln

Thr

40

Trp

Gly

Pro

Phe

Lys

120

Gly

Ala

AgSh

ASDP

Trp

Thr

105

Val

Val

Ser

Gly
10

ASp

His

Gly
S0
ASp

Tle

Agn

Phe

ASpP

Met

His

Pro

75

Ser

ITle

Glu

Thr
155

Gly

Val

Thr

ASDP

60

Val

Thr

ASD

Ser

His

140

Thr

Arg

Glu

Tvyr

45

Val

Thr

Gly

Ala
125

Glu

AsSn

Tle

Leu

30

Met

Thr

Tle

Ala

Ala
110

Pro

Gly

15

Val

Phe

Val

Phe

ASP
o5

2la

Ser

Leu

Ala

Gly
80

Ile

Ala

Pro

Ala
160

46



Pro

Met

Pro

Ile

Ala

225

ASp

Tle
Leu
305

Gly

Ser

Leu

Thr

Ser

Pro

210

Leu

Val

ASpP

Gly

Gly

290

Agn

Leu

Ala

Thr

Ala

195

Ser

Agn

Ser

Glu

Tle

275

ASP

Ser

Val

180

Ser

Gly

Val

Ile

260

Leu

Ser

Agn

Ser

Val
165
His

Asp

Thr

Vval
245

Phe

Arg
325

Tle

Ser

Trp

Gly

Leu

230

ASpP

AsSn

Ser

Val
210

Vval

47

AsSn

ITle

Arg

Ala

215

Thr

Leu

Ala

Thr

Ser

295

Tle

ASP

Thr

Gly

200

2la

Gly

Thr

Ile

Glu

280

Tle

Leu

ASDP

ATrg
Ala
185

Gly

Met

Val

Lys

265

ASDP

Phe

Val

Leu

Phe
170

Thr

2la

ala

Arg

250

Glu

ASp

ASp

Ser

Leu
230

Gly

Gln

A2la

Val

Phe

235

Leu

Glu

Val

Ala

Trp

315

Val

-continued

Tle

Lys

Ala

Gly

220

ATy

Glu

Ser

Val

Lys

300

Phe

Val Glu Gly

Thr
Ser

205

Val

Glu

Ser

285

Ala

Asp

val

Val

120

Phe

Val

Pro

Glu

Gly

270

Thr

Gly

Agn

Ala

175

ASP

Agn

Leu

Thr

2la

255

ASpP

Tle

Glu

Lys
335

US 9,719,101 B2

Leu

Gly

Tle

Pro

Val

240

Ser

Leu

Phe

b2la

Trp
320

<210>
<211>
<212>
<213>
<220>
<223 >

<400>

ccegggceteyg

cgttacacac

ggtaaattat

aaggaataag

gtgatttttt

agtatgaata

tagacaaaaa

taacttacta

taagaatcat

ttgtgaagtc

taataatata

attatatgta

aatttatatt

Ctaatcttat

tatatttgtyg

gaaaaggtca

ctgaataaat

SEQ ID NO 17
LENGTH :
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Plasmid, QC690

4812
DNA

SEQUENCE: 17

ctcectttgty

ttacaaaata

gataatgaca

aagttagctt

aagatatgaa

ggataggatt

ttaaacaaaa

tcttetggtce

ataattattt

ttttaatgat

acttattctc

accacttctt

agtattaatt

ggttttcatt

caacacttag

tatgcaagcy

agacctaaat

atttctcatt

taagtatttc
ttttaatttt

ctataatttt

aaactaaatt

agtacaatct

Ctttaaaata

cttcatatga

ttaaatgtat

cactcattat

atcggttaac

atatccattyg

aaaagtaact

tgtgatgatyg

ttatgtttaa

gtagcctcac

actccatgaa

agaaaataga

actcaatttt

agtacatgaa

atgataatat

tatgtttttt

attgcaggaa

aaaaacagag

taaacaaaca

taataactat

tcatgaaagt

aagtattttt

attttatgga

actttaatca

atcaaagata

Caattttttt

ccaagaataa

tgtgtttcat

atctagaaac

tgacaagttg

tgagttaatg

taataataat

ttcccaaata

agtatgtgtt

gaaatcatgc

gtgttttttt

CCLtttatat

atatacagtt

catgtattat

Catttttaaa

CCLLttatttyg

gtatgatagt

taaaaaaata

Ctaaaataga

tgtttgttat

tataggatag

CCattttttc

Ctaaaaatat

aataataata

actgctaatt

catgttttat

cttggcttygyg

cccctaatca

ctttaatttg

aatgaactat

gagtagtgat

ataaaatttg

tcttgattat

atgattttgt

Caaatatatt

cccaaattcet

ttgatgttca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

48



tcaaatatca

atcctgctca

caagtaaaat

gcatatctgt

gtagtccttyg

ttggcccatt

tctcactcac

ccgcacttcet

gaccatgaag

gggcatcggc

GCCCtthCC

caccgagtac

ctgggaccgc
cgtgagcgty
cgoecgacggc
catcccegtyg
ggacggtggce
caagatgccc
caagaaccag
cggactcaga
taattaatgt
gcatcaaagt
tccatatttc

gcatttcatt

tgggttagca

tgatatccat

tttgtacaaa

cactatcagt

aagagtttgt

cctggcagtt

caaatccgct

aaaacgaaag

ctactctcgce

acagaatcag

aaccgtaaaa

cacaaaaatc

gcgtttcccce

tacctgtcecy

tatctcagtt

cagcccgacc

aatataatta

ccaaaccadadd

tgaaaaaaga

tggcgtgaaa

gcaaagcatc

tacctgtcat

tcactcacac

gctcocgcaat

taccgcatgyg

taccccecttcea

ttcgeccgagy

ccccaggaca

tcottectgt

gaggagaact

ccegtgatga

cccaagcagyg

cgcttgegcet

gactggcact

aagtggcacc

tctcecgactag

atgaaataaa

tgtgtgttat

ttatcctaaa

aaccaaatcc

aaacaaatct

cacactggcy

gttggcatta

caaaataaaa

agaaacgcaa

tatggcgggc

ccocggeggat

gcccagtett

ttagtagtta

gggataacgc

aggccgegtt

gacgctcaag

ctggaagctc

CCTttcCctcCccce

cggtgtaggt

gctgcgectt

49

aagctcatca
catctaagaa
atcaaaacaa
cagaaaccac
acgagtcaca
tgcggtettt
cgttccattt
tatccatggce
agggctgcgt
agggcaagca
acatcttgtc
tcgtcgacta
tcgaggacgg
gcatgtacca
agaagatgac
gcatcttgaa
gccagttcga
tcatccagca
tgaccgagca
agtcgaacct
aggatgcaca
gtgtaattac
tgaatgtcac
atatacatat
agtctaggtg
gccgcactcyg
taaaaaagca
tcattatttyg
aaaggccatc
gtcctgccecy
ttgtcctact
ccgactgagce
gacgtcccecy
aggaaagaac

gctggegttt

tcagaggtygg
cctegtgege
ttcgggaagc

cgttcgetcec

atccggtaac

tattttcgta
taaccttatt
taaaaagaga
aaaaaaaaaa
aggcggtccc
tactcttctce
ctcaacaact
ccagtccaag
ggacggccac
ggccatcaac
cgccogecttce
cttcaagaac
cgccecgtgtge
cgagtccaag
cgacaactygg
gggcgacgtyg
caccgtgtac
caagctgacc
cgccatcgec
agacttgtcce
catagtgaca
tagttatctyg
gtgtctttat
aaatattaat
tgttttgcga
actgaattygg
ttgcttatca
gggcccgagc
cgtcaggatg
ccacccteeg
caggagagcd
CCttcgtttet

agatccatgc

atgtgagcaa

ttccataggc

cgaaacccga

tctectgttce

gtggcgcttt

aagctgggct

tatcgtettyg

US 9,719,101 B2

-continued

cagtatagta

tcatttagaa

gaaaagcgaa

dddaddadacyd

gtaggagtca

aataccttat

tctgctactt

cacggcctga

aagttcgtga

ctgtgcgtgyg

atgtacggca

tcctgeccecy

atctgcaacg

ttctacggcyg

gagccctect

agcatgtacc

aaggccaagt

cgcgaggacce

tccggcectecyg

atcttectgga

tgctaatcac

aataaaagag

aattctttga

catatataat

attctagtygg

ttccggegec

atttgttgeca

ttaagtaact

gccttetget

ggccgttgcet

tCtcaccgaca

atttgatgcc

tagcggtaat

aaggccagca

tCCgCCCCCC

caggactata

cgaccctgec

ctcatagctc

gtgtgcacga

agtccaaccc

ttagtattat

ddddadadddcCc

tggaatattc

gtacaccgta

cgcacttcac

Ctaaaacccta

cctactccaa

ccaaggagat

tcaccggcga

tggagggcgyg

accgcecgtgtt

ccggctacac

ccgacatcac

tgaacttccc

gcgagaagat

tgctgctgaa

ccgtgeccecyg

gcagcgacgc

ccttgccctc

ttggccaact

tataatgtgg

aaagagatca

tgaaccagat

Caatatcaat

ccggecacagce

agcctgettt

acgaacaggt

aactaacagg

tagtttgatg

tcacaacgtt

aacaacagat

tggcagttcc

acggttatcc

aaaggccagg

tgacgagcat

aagataccag

gcttaccgga

acgctgtagy

accceecgtt

ggtaagacac

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

50



gacttatcgc

ggtgctacag

ggtatctgcg

ggcaaacaaa

agaaaaaaag

aacggggccc

tcgagcatca

aaaagccgtt

tcectggtatc

tcgtcaaaaa

aatggcaaaa

tcatcaaaat

cgaaatacgc

aggaacactyg

tggaatgctyg

ataaaatgct

tcatctgtaa

tcgggcettec

catttatacc

cgttgaatat

gttcatgatg

cagagctgca

Jgcaacaaatt

tagatatctc

cactggcagc

agttcttgaa

ctctgctgaa

ccaccgcetgy

gatctcaaga

aatctgaata

aatgaaactyg

tctgtaatga

ggtctgcgat

taaggttatc

gtttatgcat

cactcgcatc

gatcgctgtt

ccagcgcatce

tttttceggy

tgatggtcgg

catcattggc

catacaagcyg

catataaatc

ggctcataac

atatattttt

gctggatggc

gataagcaat

ga

<«210> SEQ ID NO 18

<211> LENGTH:
«212> TYPERE:

8482
DNA

51

agccactggt
gtggtggcect
gccagttacc
tagcggtggt
agatcctttg
atgttacaac
caatttattc
aggagaaaac
tccgactegt
aagtgagaaa
ttctttecag
aaccaaaccg
aaaaggacaa
aacaatattt
gatcgcagtyg
aagaggcata
aacgctacct
atagattgtc
agcatccatg
accccttgta
atcttgtgca
aaataatgat

gctttettat

aacaggatta

aactacggct

ttcggaaaaa

CCCLCttgttet

atcttttcta

caattaacca

atatcaggat

tcaccgaggc

ccaacatcaa

tcaccatgag

acttgttcaa

Ctattcattc

ttacaaacag

tcacctgaat

gtgagtaacc

aattccgtca

ttgccatgtt

gcacctgatt

ttggaattta

ttactgttta

atgtaacatc

Cttattttga

aatgccaact

<213> ORGANISM: Artificial sequence
<220> FEATURE:
223> QOTHER INFORMATION: Plasmid, QC4781

<400> SEQUENCE: 18

atcgaaccac

tattaaatta

agtcactatyg

cagaacatca

tcttcecceccecga

tcatccccga

gcactggcca

tccacaaaca

ccagcccecty

catcccttcec

tttgtacaag

gattttgcat

gtcgacctgce

ggttaatggc

taacggagac

tatgcaccac

gggggatcac

gacgataacg

ttctecgtecayg

tgattttccg

aaagctgaac

dddaddcadda

agactggctyg

gtttttgatg

cggcacactyg

cgggtaaagt

catccgtcgc

gctetetett

caaaagagcc

ctttccagey

gagaaacgta

ctacataata

tgtataaggy

tcattttege

gccatatcgg

tcacggggga

Cﬂgggﬂgtgt

ttataggtgt

gttcatttca

ttcggcacgc

US 9,719,101 B2

-continued

gcagagcdag
acactagaag
gagttggtag
gcaagcagca
cggggtctga
attctgatta
tatcaatacc
agttccatag
tacaacctat
tgacgactga
caggccagcc
gtgattgcgc
gaatcgaatg
caggatattc
atgcatcatc
gccagtttag
tcagaaacaa
gcccgacatt
atcgcggect
tgtaagcaga
agagattttyg
ctgatagtga

ttgtacaaga

aaatgatata

ctgtaaaaca

agcctgacat

ggtggctgag

tggtcatcat

ctttatctga

caataatatc

aaaccttaaa

ataaaccggg

adacdacydygy

gtatgtaggc

aacagtattt

ctcttgatcce

gattacgcgc

cgctcagtygyg

gaaaaactca

atatttttga

gatggcaaga

Caatttcccce

atccggtgag

attacgctcg

ctgagcgaga

caaccggcgc

Ctctaatacc

aggagtacgg

tctgaccatc

ctctggcgca

atcgcgagcc

cgacgtttcce

cagttttatt

agacacgggc

cctgttegtt

aagctgggtc

aatatcaata

caacatatcc

Ctatattccc

atcagccact

gcgccagctt

cagcagacgt

actctgtaca

ctgcatttca

cgacctcagce

cttcattctyg

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4812

60

120

180

240

300

360

420

480

540

600

52



53
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catggttgtg cttaccagac cggagatatt gacatcatat atgccttgag caactgatag 660
ctgtcgctgt caactgtcac tgtaatacgce tgcttcatag catacctctt tttgacatac 720
ttcgggtata catatcagta tatattctta taccgcaaaa atcagcgcgce aaatacgcat 780
actgttatct ggcttttagt aagccggatc ctctagatta cgccceccgcect gceccactcatce 840
gcagtactgt tgtaattcat taagcattct gccgacatgg aagccatcac aaacggcatg 900
atgaacctga atcgccageg gcatcagcac cttgtcecgect tgcgtataat atttgcecccat 960
ggtgaaaacg ggggcgaaga agttgtccat attggccacg tttaaatcaa aactggtgaa 1020
actcacccag ggattggctyg agacgaaaaa catattctca ataaaccctt tagggaaata 1080
ggccaggttt tcaccgtaac acgccacatce ttgcgaatat atgtgtagaa actgccggaa 1140
atcgtcgtgg tattcactcecc agagcgatga aaacgtttca gtttgctcat ggaaaacggt 1200
gtaacaaggg tgaacactat cccatatcac cagctcaccg tctttcattg ccatacggaa 1260
ttccggatga gcattcatca ggcecgggcaag aatgtgaata aaggccggat aaaacttdgtyg 1320
cttatttttec tttacggtct ttaaaaaggc cgtaatatcce agctgaacgg tctggttata 1380
ggtacattga gcaactgact gaaatgcctce aaaatgttcet ttacgatgcce attgggatat 1440
atcaacggtg gtatatccag tgattttttt ctccatttta gcttccecttag ctcecctgaaaa 1500
tctcgacgga tcctaactca aaatccacac attatacgag ccggaagcat aaagtgtaaa 1560
gcecetggggtyg cctaatgegg ccecgcecatagt gactggatat gttgtgtttt acagtattat 1620
gtagtctgtt ttttatgcaa aatctaattt aatatattga tatttatatc attttacgtt 1680
tctcgttcag cttttttgta caaacttgtt tgataaacac tagtaacggc cgccagtgtg 1740
ctggaattcg cccttcceccaa gctttgctct agatcaaact cacatccaaa cataacatgg 1800
atatcttcect taccaatcat actaattatt ttgggttaaa tattaatcat tatttttaag 1860
atattaatta agaaattaaa agatttttta aaaaaatgta taaaattata ttattcatga 1920
tttttcatac atttgatttt gataataaat atattttttt taatttctta aaaaatgttyg 1980
caagacactt attagacata gtcttgttct gtttacaaaa gcattcatca tttaatacat 2040
taaaaaatat ttaatactaa cagtagaatc ttcttgtgag tggtgtggga gtaggcaacc 2100
tggcattgaa acgagagaaa gagagtcaga accagaagac aaataaaaag tatgcaacaa 2160
acaaatcaaa atcaaagggc aaaggctggg gttggctcaa ttggttgcta cattcaattt 2220
tcaactcagt caacggttga gattcactct gacttcccca atctaagcecg cggatgcaaa 2280
cggttgaatc taacccacaa tccaatctcecg ttacttaggg gcecttttececgt cattaactceca 2340
cceccectgeccac ccecggtttecece tataaattgg aactcaatgce teccectcectaa actcegtatceg 2400
cttcagagtt gagaccaaga cacactcgtt catatatctc tcectgctctte tcecttctcecttce 2460
tacctctcaa ggtacttttc ttctceccectcet accaaatcecct agattceccecgtg gttcaatttce 2520
ggatcttgca cttctggttt gectttgectt getttttect caactgggte catctaggat 2580
ccatgtgaaa ctctactctt tctttaatat ctgcggaata cgcgtttgac tttcagatct 2640
agtcgaaatc atttcataat tgcctttcectt tettttaget tatgagaaat aaaatcactt 2700
tttttttatt tcaaaataaa ccttgggcct tgtgctgact gagatggggt ttggtgatta 2760
cagaatttta gcgaattttg taattgtact tgtttgtctg tagttttgtt ttgttttctt 2820
gtttctcata cattccttag gcecttcaattt tattcgagta taggtcacaa taggaattca 2880
aactttgagc aggggaatta atcccttcect tcaaatccag tttgtttgta tatatgttta 2940
aaaaatgaaa cttttgcttt aaattctatt ataacttttt ttatggctga aatttttgca 3000
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tgtgtcttty

agtttttgaa

aggaacttcc

CELLCCLCLLC

atcaaaccct

ccacggceggc

cctecggega

tgacgacggt

gctccecgecgce

aaggctacgc

ccaccaacct

tcaccggcca

tggaggtgag

ccegegtegt

tcgacattcc

acctcceceecgy

ttgtcagact

attccagtgc

taatgggtct

atggtactgt

taaggtttga

ttcacattga

gcgcggattt

agggtaagtt

cattgggtta

atgagttgac

ctgcgcagtt

ccatgggttt

tggttgacat

gagtggagaa

ttcagttgga

ctagcgagag

cagcgcgagt

ctggccecta

ccagtaatgyg

tgcctagacc

ctagttgcag

cattttattt

ctgatatctc

ctcetetgttyg

gtataacaac

daccacacaac

acaccccacc

caccaaaccco

gcccttcacc

acctcgcaag

gttcgcgtac

catccgcaac

gcgttcoctec

cgtgageggce

ggtcgcccgce

cagatccatc

cgccgagygcet

caaagacgtt

ttacctcgcc

catcatggag

tgaattgagy

tggaactttt

ttatgctaac

tgaccgtgtt

tattgattct

gaagttggcc

tgatcttgga

caagacattc

taatggagat

ttacaagtac

tggattgcct

tgatggggat

tctcocccagtt

ggataggttc

cgagatattc

gacgaagaag

ccttettgat

atccttcaag

aaatgttcct

gatttggcct

CCCLtttatt

ctgttgtctyg

3

taaatttact
agaagttcct
acaatggcygg
ttccceccaaac
aaccacgctc
aaggaagcgc
ggcgcggaca
ccocggeggtyg
gtgctcccgc
ggcctccecocy
ctcgceccgacyg
cggatgatcg
acgaagcaca
ttcttegteg
cagcagcaac
aggctgccca
gcccaaaagc
cgctttgttyg
cctattggtyg
tatgctgttyg
actgggaagc
gccgagattyg
ttgaagggaa
ggttggagag
caggacgcga
gctattgtta
aagagaccga
gcggctattyg
ggtagtttca
aagatattgt
tacaagtcca
ccaaacatgc
gaagagctta
gtcattgtgc
gatgtgataa
tgatgcttgt
gtggtgagca
taacttacta

tattgtgccy

gtttaggtac

attccgaagt

ccaccgcttc

gcattactag

tcaaaatcaa

cgaccacgga

tcecttgtgga

cgtcgatgga

gccacgagca

gcgtcectgceat

ctttaatgga

gcaccgacgc

actacctcat

ccacctecegy

tcgceccgtgec

ggccceoccge

ccgttetceta

aactcactgyg

atgaatattc

acaatagtga

ttgaggettt

ggaagaacaa

ttaatatgat

aagagattaa

tttctecgea

gtactggggt
ggcagtggtt
gtgctgctgt
tcatgaatgt
tgttgaacaa
atagagctca

tcaagtttgc

gagcggcaat

cccatcagga

ctgagggtga

tttgtacaat

tcatagtcty

catgcagtag

ttggattttt

US 9,719,101 B2

-continued

taactctagyg

tcctattctce

cagdaaccacc

atccaccctce

atgttccatc

gcccttegtyg

ggcgcetggag

gatccaccag

gggcggcegtc

tgccacctcc

cagcgtccca

Cttccaagaa

cctcgacgtce

ccgeccecegygt

taattgggac

cgaggcccaa

Cgtﬂggﬂggt

tattccegtt

ccttcagatg

tttgttgett

tgctagtagyg

gcaggcgcac

tttggaggag

tgtgcagaaa

gcatgctatc

tgggcagcat

gacctcaggyg

tgctaaccct

tcaggagttyg

tcagcatttg

cacctatctt

tgatgcttgt

tcagagaatg

gcatgtgttyg

tggtagaacg

atatataaga

tagtagtttt

catctatcta

tgctgtagtyg

cttgttgtgce

tagaaagtat

cgattctett

cctctctctce

Cccaaacccc

tcacggttcg

aggcagdged

gcgctcacgc

ttcgeccgecy

ggcCccCcyygCcd

gtcgtcgcca

accccecgateg

gacgacatcc

ccggtectea

gagcccgtta

ttggaacaca

ggcagtttga

gctagcactt

ctgggtatgc

gﬂﬂtttgggg

gctaagattyg

gtgtcggttt

aaaggagtgg

cacaagtttc

gaggttctty

caaatgtggyg

ggtcttggag

ggggctgttg

gccactataa

ggtatggtgg

ggagatccgt

gggataccgg

ttggacaccc

ccgatgattce

aggtactgat

taatgctgtce

ggtagcaaga

tctetgtagt

agactgaaaa

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

56



tgatgtgcta

aaaagctaat

gtgtagattc

ttaacttgcc

atttggacca

aatccagaga

gatgctgtaa

tgggccggcc

aagtatagga

ctegagggygy

tgatacataa

gcactctcag

cacccgcetga

tgaccgtctc

gacgaaaqdy

aacgtgagtt

gagatccttt

Cggtggtttg

gcagagcgca

agaactctgt

ccagtggcga

cgcagceggtc

acaccgaact

gaaaggygcyddga

ttccaggggg

agcgtcegatt

cggceettttt

tatcccctga

gcagccgaac

gcaaaccgcce

ccegcecgaaat

tttgtttaac

gtcgagaagt

ggcgaagaat

aatagctgcyg

gcgctccocga

atctcccgcc

gttctgcagce

agcgggttcg

atatgcgcga

gtaataatat

ggaatcaggt

aacttctctt

atttatttac

ttgcgtccac

tagttttcaa

tcgacttcaa

cagctgatga

acttcactag

ggcccggtac

ggttatgtat

tacaatctgc

cgcgecctga

cgggagctgc

cctegtgata

ttcgttccac

ttttetgege

tttgccggat

gataccaaat

agcaccgcect

taagtcgtgt

gggctgaacg

gagataccta

caggtatccyg

aaacgcctgyg

tttgtgatgc

acggttcctyg

ttctgtggat

gaccgagcgc

tctcoccececygey

taatacgact

tttaagaagy

ttctgatcga

ctcgtgettt

ccgatggttt

ttccggaagt

gtgcacaggg

cggtcgcegga

gcccattegg

ttgctgatcc

S7

ttctgttaga
tacatattca
ggagctcacc
ttttagtgga
aaaacgtctc
aagtcagaaa
taacaagtygg
tcceggtgaa
agcttgcggce
cggcecgegcecg
taattgtagc
tctgatgccg
cgggcttgtce
atgtgtcaga
cgcctatttt
tgagcgtcag
gtaatctgct
caagagctac
actgtccttc
acatacctcg

cttaccgggt

gggggttcgt
cagcgtgagc
gtaagcggca

tatctttata

tcgtcagggg

gccttttget
aaccgtatta
agcgagtcag
cgttggccga
cactataggy
agatataccc

aaagttcgac
cagcttcgat
ctacaaagat
gcttgacatt
tgtcacgttyg
ggctatggat
accgcaagga

ccatgtgtat

aatctaagta

atgtttttct

taggcaatca

aattgtgacc

ttttgctcga

tggcaaagtt

catcacgttt

gttcectatte

cgcgcatgcet

ttctatagtg

cgcgttctaa

catagttaag

tgctcoecggc

ggttttcacc

tataggttaa

accccgtaga

gcttgcaaac

caactctttt

tagtgtagcc

ctctgctaat

tggactcaag

gcacacagcc

attgagaaag

gggtcggaac

gtcctgtcogy

ggcggagcct

ggccttttge

ccgectttga

tgagcgaggda

ttcattaatg

adgaccacdaac

atggaaaagc
agcgtctecy

gtaggagggc

cgttatgttt

ggggaattca

caagacctgc

gcgatcgcetyg

atcggtcaat

cactggcaaa

US 9,719,101 B2
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gagaatctgt

ttttttageg

gtaaaatgca

aatttgttca

tcttcacaaa

ataaatagta

ctagttctayg

cgaagttcct

gacttaatca

tcacctaaat

cgacaatatg

ccagccccga

atccgcttac

gtcatcaccyg

tgtcatgacc

aaagatcaaa

ddaadaaacca

tccgaaggta

gtagttaggc

cctgttacca

acgatagtta

cagcttggag

cgccacgcett

addagagcycCc

gtttcgccac

atggaaaaac

tcacatgttc

gtgagctgat

agcgygaagay

caggttgatc

ggtttccoctc

ctgaactcac

acctgatgca

gtggatatgt

atcggcactt

gcgagagcct

ctgaaaccga

cggccgatet

acactacatg

ctgtgatgga

tgaagaagtc

gttggtagac

tcattcctttt

tgtagaacgg

gcgataccga

aaacagaata

acccatcagc

attctccaga

gctaacgcca

cgtatgtgta

tccatatggt

caccoccygccad

agacaagctg

aaacgcgcga

aaaatccctt

ggatcttett

ccgctaccag

actggcttca

caccacttca

gtggctgcetg

ccggataagy

cgaacgacct

cccgaaggga

acdagyygayc

ctctgacttg

gccagcaacyg

tttectgegt

accgctegec

cgcccaatac

agatctcgat

tagaaataat

cgcgacgtet

gctcecteggayg

cctgecgggta

tgcatcggec

gacctattgc

actgcccgcet

tagccagacy

gcgtgatttc

cgacaccgtce

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

58



agtgcgtccyg
gtccggcacc
ataacagcgyg
aacatcttct
cggaggcatc
cttgaccaac
ggtcgatgcg
cgcagaagcyg
cgacgcccca
gctgctaaca
gcataacccc
atatccggat

tacctaatta

tcgocgecaggc
tcgtgcacgc
tcattgactyg
tctggaggcc
cggagcttgc
tctatcagag
acgcaatcgt
cggccgtcetyg
gcactcgtcc

aagcccgaaa

ttggggcctc

gctcgggcgc

acaccggtgt

<«210> SEQ ID NO 19

<211> LENGTH:
<212> TYPERE:

5411
DNA

59

tctecgatgag
ggatttcggc
gagcgaggcy
gtggttggcet
aggatcgccg
cttggttgac
ccgatccgga
gaccgatggc
gagggcaaag
ggaagctgag
taaacgggtc
gccggtaccc

Ct

ctgatgettt

tccaacaatg

atgttcgggg

tgtatggagc

ngﬂtﬂﬂggg

ggcaatttcyg

gccgggactg

tgtgtagaag

gaatagtgag

ttggctgctyg

ttgaggggtt

gggtaccgag

<213> ORGANISM: Artificial sequence
<220> FEATURE:
223> OTHER INFORMATION: Plasmid, QC699

<400> SEQUENCE: 19

ccegggeteyg

cgttacacac

ggtaaattat

aaggaataag

gtgatttttt

agtatgaata

tagacaaaaa

taacttacta

taagaatcat

ttgtgaagtc

taataatata

attatatgta

aatttatatt

Ctaatcttat

tatatttgtyg

gaaaaggtca

ctgaataaat

tcaaatatca

atcctgctca

caagtaaaat

gcatatctgt

ctcectttgtyg

ttacaaaata

gataatgaca

aagttagctt

aagatatgaa

ggataggatt

ttaaacaaaa

tcttetggtce

ataattattt

ttttaatgat

acttattctc

accacttctt

agtattaatt

ggttttcatt

caacacttag

tatgcaagcy

agacctaaat

aatataatta

ccaaaccaaa

tgaaaaaaga

tggcgtgaaa

atttctcatt

taagtatttc

CCCLtaatttt

Ctataatttt

aaactaaatt

agtacaatct

ttttaaaata

cttcatatga

ttaaatgtat

cactcattat

atcggttaac

atatccattyg

aaaagtaact

tgtgatgatyg

ttatgtttaa

gtagcctcac

actccatgaa

aagctcatca

catctaagaa

atcaaaacaa

cagaaaccac

agaaaataga

actcaatttt

agtacatgaa

atgataatat

tatgtttttt

attgcaggaa

aaaaacagag

taaacaaaca

taataactat

tcatgaaagt

aagtattttt

attttatgga

actttaatca

atcaaagata

Caattttttt

ccaagaataa

tgtgtttcat

tattttcgta

taaccttatt

taaaaagaga

ddddaaddaad

US 9,719,101 B2
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gggccgagga
tcctgacgga
attcccaata

agcagacgcg

cgtatatgct

atgatgcagc

tcgggegtac

tactcgccga

gtacagcttyg

ccaccgctga

ttttgctgaa

ctcactagac

atctagaaac

tgacaagttg

tgagttaatg

taataataat

ttcccaaata

agtatgtgtt

gaaatcatgc

gtgttttttt

CCCLtttatat

atatacagtt

catgtattat

Catttttaaa

CCLLttatttyg

gtatgatagt

taaaaaaata

ttaaaataga

tgtttgttat

cagtatagta

tcatttagaa

gaaaagcgaa

dddaddadacyd

ctgccccgaa

caatggccgc

cgaggtcgcc

ctacttcgag

ccgcattggt

ttgggcgcag

acaaatcgcc

tagtggaaac

gatcgatccyg

gcaataacta

aggaggaact

gcggtgaaat

tataggatag

CCattttttc

ttaaaaatat

aataataata

actgctaatt

catgttttat

cttggcttygyg

cCccctaatca

ctttaatttg

aatgaactat

gagtagtgat

ataaaatttg

tcttgattat

atgattttgt

Caaatatatt

cccaaattcect

ttgatgttca

ttagtattat

ddaaaaadacc

tggaatattc

gtacaccgta

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8482

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

560

1020

1080

1140

1200

1260

60



gtagtccttyg

ttggcccatt

tctcactcac

ccgcacttct

gaccatgaag

gggcatcggc

CcCceccttgcecc

caccgagtac

ctgggaccgc

cgtgagcegtyg

cgccgacggc

catcccegty

ggacggtggce

caagatgccc

caagaaccag

cggactcaga

taattaatgt

gcatcaaagt

tccatatttce

gcatttcatt

tgggttagca

tgatatccat

tttgtacaaa

tcccaagctt

aatcatacta

attaaaagat

gattttgata

gacatagtct

tactaacagt

gagaaagaga

aagggcaaag

ggttgagatt

ccacaatcca

tttcecetata

ccaagacaca

CELLCCcCcLtEtct

tggtttgcett

actctttctt

cataattgcc

aataaacctt

gcaaagcatc

tacctgtcat

tcactcacac

gctccecgcaat

taccgcatgy

taccccecttceca

ttcgecgagy

ccccaggaca

tcottectgt

gaggagaact

ccecgtgatga

cccaagcagy

cgcttgegcet

gactggcact

aagtggcacc

tctcgactag

atgaaataaa

tgtgtgttat

ttatcctaaa

aaccaaatcc

aaacaaatct

cacactggcy

cttgtttgat

tgctctagat

attattttgg

Cttttaaaaa

ataaatatat

tgttctgttt

agaatcttct

gtcagaacca

gctggggttyg

cactctgact

atctcecgttac

aattggaact

ctcgttcata

ccctcectacca

tgccttgett

taatatctgc

CCCCECLECLE

gggﬂﬂttgtg

61

acgagtcaca
tgcggtettt
cgttccattt
tatccatggc
agggctgecgt
agggcaagca
acatcttgtce
tcgtcecgacta
tcgaggacgg
gcatgtacca
agaagatgac
gcatcttgaa
gccagttcga
tcatccagca
tgaccgagca
agtcgaacct
aggatgcaca
gtgtaattac
tgaatgtcac
atatacatat
agtctaggtyg
gccgcactcyg
aaacactagt
caaactcaca
gttaaatatt
aatgtataaa
CCLCLttaat
acaaaagcat
tgtgagtggt
gaagacaaat
gctcaattgy
tcccecaatcet

ttaggggctt
caatgctccc
tatctctety
aatcctagat
tttcctecaac
ggaatacgcg
ttagcttatg

ctgactgaga

aggcggtcecc

Cactcttctc

ctcaacaact

ccagtccaag

ggacggccac

ggccatcaac

cgcegectte

Ccttcaagaac

cgccecgtgtgc

cgagtccaag

cgacaactgg

gggcgacgtyg

caccgtgtac

caagctgacc

cgccatcgec

agacttgtcc

catagtgaca

tagttatctg

gtgtctttat

aaatattaat

tgttttgcga

actgaattgyg

aacggccgcc

tccaaacata

aatcattatt

attatattat

ttcttaaaaa

tcatcattta

gtgggagtag

aaaaagtatyg

ttgctacatt

aagccgcgga

ttcegteatt

ctctaaactc

CECCLECECLL

tcecgtggttc

tgggtccatc

tttgactttc

agaaataaaa

tggggtttgyg

US 9,719,101 B2
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gtaggagtca
aataccttat
tctgctactt
cacggcctga
aagttcgtga
ctgtgcegtgg
atgtacggca
tcctgeccecey
atctgcaacyg
ttctacggcy
gagccctect
agcatgtacc
aaggccaagt
cgcgaggacc
tccggctecy
atcttctgga
tgctaatcac
aataaaagag
aattctttga
catatataat
attctagtgy
ttccecggegec
agtgtgctgy
acatggatat
tttaagatat
tcatgatttt
atgttgcaag
atacattaaa
gcaacctggc
caacaaacaa
caattttcaa
tgcaaacggt

aactcacccc

gtatcgcttc

ctcttcectacce

aatttcggat

taggatccat

agatctagtc

Ccactttttt

tgattacaga

cgcacttcac

Caaaacccta

cctactccaa

ccaaggagat

tcaccggcga

tggagggcdg

accgcogtgtt

ccggctacac

ccgacatcac

tgaacttccc

gcgagaagat

tgctgctgaa

ccgtgeccecyg

gcagcgacgc

CCtthCCtC

ttggccaact

tataatgtgg

aaagagatca

tgaaccagat

Caatatcaat

ccggeccage

agcctgettt

aattcgccct

cttcecttacce

taattaagaa

Ccatacattt

acacttatta

aaatatttaa

attgaaacga

atcaaaatca

ctcagtcaac

tgaatctaac

tgccacccgy

agagttgaga

tctcaaggta

cttgcacttce

gtgaaactct

gaaatcattt

CCtatttcaa

attttagcga

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

62



attttgtaat

ccttaggcett

gaattaatcc

tgctttaaat

ctgttgtaaa

dadacadcadada

cacaacdadcdd

cccaccttcec

daacccaacc

ttcaccaagy

cgcaaqdycd

gcgtaccccg

cgcaacgtgc

tcetecgygec

agcggcectceyg

gcccocgeocgga

tccatcacga

gaggctttct

gacgttcagc

ctcgceccaggc

atggaggccc

ttgaggcgct

acttttccta

gctaactatg

cgtgttactyg

gattctgccy

ttggccttga

cttggaggtt

acattccagy

ggagatgcta

aagtacaaga

ttgcctgegy

ggggatggta

ccagttaaga

aggttctaca

atattcccaa

aagaaggaag

cttgatgtca

ttcaaggatyg

tgtacttgtt

caattttatt

cttccttcaa

tctattataa

Cttactgttt

gttcctatte

tggcggccac

ccaaacgcat

acgctctcaa

aagcgccgac

cggacatcct

geggtgegtce

tccegecgeca

tceceeggegt

ccgacgcettt

tgatcggcac

agcacaacta

tcgtcecgecac

agcaactcgc

tgcccaggcec

aaaagcccgt

ttgttgaact

ttggtgatga

ctgttgacaa

ggaagcttga

agattgggaa

agggaattaa

gdadagaada

acgcgatttc

ttgttagtac

gaccgaggca

ctattggtgc

gtttcatcat

tattgttgtt

agtccaatag

acatgctcaa

agcttagagc

ttgtgcccca

tgataactga

63

tgtctgtagt
cgagtatagg
atccagtttg
CCLCLCttat
aggtactaac
cgaagttcct
cgcttccaga
tactagatcc
aatcaaatgt
cacggagccc
tgtggaggcy
gatggagatc
cgagcagggc
ctgcattgcce
aatggacagc
cgacgccttce
cctcatcectce
ctcecggecgc
cgtgcctaat
ccocegecgag
tctctacgtce
cactggtatt
atattccctt
tagtgatttyg
ggcttttget
gaacaagcag
tatgattttyg
gattaatgtyg
tccgcagcat
tggggttggg
gtggttgacc
tgctgttget
gaatgttcag
gaacaatcag
agctcacacc
gtttgctgat
ggcaattcag

tcaggagcat

gggtgatggt

tttgttttgt

tcacaatagg

tttgtatata

ggctgaaatt

tctaggctty

attctctaga

accacccgat

accctcoececctce

tccatctcca

ttcgtgtcac

ctggagaggc

caccaggcgc

ggcgtctteyg

acctceceggec

gtcccagtcyg

caadaaaccCc

gacgtcgacyg

cceggtecgy

tgggacgagc

gcccaattgyg

ggcggtggcea

ccegttgceta

cagatgctgyg

ttgcttgecet

agtagggcta

gcgcacgtgt

gaggagaaag

cadaaacacda

gctatcgagyg

cagcatcaaa

tcagggggtc

aaccctgggy

gagttggcca

catttgggta

tatcttggag

gcttgtggga

agaatgttygy

gtgttgccga

agaacgaggt

US 9,719,101 B2
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CCCCtLtgtLtLL

aattcaaact

tgtttaaaaa

tttgcatgtg

ttgtgcagtt

aagtatagga

CCCLCtLtCttcC

tctctcatca

AaCCcCcCCCac

ggttcgcoctc

agggcgtgac

tcacgcgcetce

ccgccgaagyg

ccggegecac

tcgccatcac

cgatcgtgga

acatcccccg

tcctcatcga

ccgttaacct

aacacattgt

gtttgaattc

gcactttaat

gtatgcatgg

ttggggtaag

agattgttca

cggtttgege

gagtggaggyg

agtttccatt

ttcttgatga

tgtgggﬂtgﬂ

ttggagccat

ctgttgtggt

ctataagagt

tggtggttca

atccgtcectag

taccggcagc

acacccctygy

tgattcccag

actgattgcc

ctcatacatt

ttgagcaggg

atgaaacttt

tctttgetet

tttgaagtat

acttccacca

ctcttcacac

aaccctcacc

ggcgycygCccco

cggcgaacct

gacggtgttc

cgccgecatce

ctacgcgcgt

caacctegtyg

cggccaggtce

ggtgagcaga

cgtcgtegec

cattcccaaa

ccececggttac

cagactcatc

cagtgctgaa

gggtcttgga

tactgtttat

gtttgatgac

cattgatatt

ggatttgaag

taagtttgat

gggttacaag

gttgactaat

gcagttttac

gggttttgga

tgacattgat

ggagaatctc

gttggaggat

cygagagceygay

gcgagtgacg

ccectacctt

taatggatcc

tagaccaaat

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

64



gttccttgat

tggﬂﬂtgtgg

Cttatttaac

tgtctgtatt

taatatttct

tcaggttaca

tctecttggag

atttactttt

gtccacaaaa

tttcaaaagt

cttcaataac

tgatgatccc

cactagagct

cggtaccggc

atgtattaat

atctgctctyg

ccectgacggy

agctgcatgt

gtgatacgcc

ttccactgayg

ctgcgcegtaa

ccggatcaag

ccaaatactg

ccgcctacat

tcgtgtetta

tgaacgggygyg

tacctacagc

tatccggtaa

gcctggtatce

tgatgctcgt

ttcctggect

gtggataacc

gagcdgceagceg

ccegegegtt

acgactcact

agaaggagat

gatcgaaaag

tgctttcagce

tggtttetac

ggaagtgctt

gcttgttttg

tgagcatcat

ttactacatyg

gtgccegttgg

gttagaaatc

tattcaatgt

ctcacctagg

agtggaaatt

cgtctcetttt

cagaaatggc

aagtggcatc

ggtgaagttc

tgceggcecegey

gcgceccegttet

tgtagccgcy

atgccgcata

cttgtectget

gtcagaggtt

Catttttata

cgtcagaccc

tctgetgett

agctaccaac

tccottcetagt

acctcgctct

ccgggttgga

gttcgtgcac

gtgagcattyg

gcggcecagggt

tttatagtcc

cagyggydycy

tttgctggcec

gtattaccgc

agtcagtgag
ggccgattca

atagggagac

atacccatgyg

ttcgacagcy

ttcgatgtag

aaagatcgtt

gacattgggg
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tacaatatat
agtctgtagt
cagtagcatc
attttttgct
taagtagaga
CCLCcttttt
caatcagtaa
gtgaccaatt
gctcgatctt
aaagttataa
acgtttctag
ctattccgaa
catgctgact
atagtgtcac
ttctaacgac
gttaagccag
ccocggceatcec
ttcaccgtca
ggttaatgtc
cgtagaaaag
gcaaacaaaa
tctttttecy
gtagccgtag
gctaatcctyg
ctcaagacga
acagcccagc
agaaagcgcc
cggaacagga
tgtcgggttt
gagcctatgg
ttttgctcac
ctttgagtga
cgaggaagcg
ttaatgcagy
cacaacggtt

aaaagcctga
tctccgacct
gagggcgtyg
atgtttatcyg

aattcagcga

ataagataat

agttttggta

tatctatctc

gtagtgagac

atctgttgaa

ttagcggtty

aatgcatatt

tgttcatgta

cacaaagcga

atagtaaaac

ttctagaccc

gttcctatte

taatcagcta

ctaaatcgta

aatatgtcca

cCcCCgacacc

gcttacagac

tcaccgaaac

atgaccaaaa

atcaaaggat

ddacCcacCdcC

aaggtaactyg

ttaggccacc

ttaccagtgy

tagttaccgyg

ttggagcgaa

acgcttccecey

gagcgcacga

cgceccacctcet

daaaacdqdcca

atgttctttc

gctgataccy

gaagagcgcc

ttgatcagat

tccctectaga

actcaccgcy

gatgcagctc

atatgtccty

gcactttgca

gagcctgacc
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gctgtcctag

gcaagacatt

tgtagtctga

tgaaaatgat

gaagtcaaaa

gtagacgtgt

CCLCCCtttaa

gaacggattt

taccgaaatc

agaatagatg

atcagctggyg

tccagaaagt

acgccactcg

tgtgtatgat

tatggtgcac

cgccaacacc

aagctgtgac

gcgcdgagacyg

tcccttaacg

cttcttgaga

taccagcggt

gcttcagcag

acttcaagaa

ctgctgccag

ataaggcgca

cgacctacac

aagggagaaa

gggagcttcc

gacttgagcyg

gcaacgcggc

ctgcgttatce

ctcgecgecayg

caatacgcaa

ctcgatcecg

aataattttg

acgtctgtcg

tcggagggceyg

cgggtaaata

tcggcaegcgce

tattgcatct

ttgcaggatt
ttattttcct
tatctcctgt
gtgctagtaa
gctaatggaa
agattcaact
cttgccattt
ggaccattgc
cagagatagt
ctgtaatcga
ccggoccagce
ataggaactt
aggyggggyyggcc
acataaggtt
tctcagtaca
cgctgacgcy
cgtctcoccggy
aaagggcctc
tgagtttteg
CcCcttttttt
ggtttgtttg
agcgcagata
ctctgtagca
tggcgataag
gcggtceggge
cgaactgaga
gygcgyggacagy

agddggygaaac

tcgatttttyg
ctttttacgg

ccectgattet

ccgaacgacce

accgcctcetc

cgaaattaat

CCtaacttta

agaagtttct

aagaatctcg

gctgocgocga

tcccgattcec

ccegeaegtge

6060

6120

6180

6240

6300

6360

6420

64380

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

06



acagggtgtc

cgeggaggcet

attcggaccyg

tgatccccat

gcaggctctce

gcacgcggat

tgactggagc

gaggccgtgg

gcttgcagga

tcagagcttyg

aatcgtccga

cgtctggacc

tcgtcoccgagyg

ccgaaaggaa

ggcctctaaa

ggdgcegcegcecy

cggtgtttat

acgttgcaag

atggatgcga

caaggaatcyg

gtgtatcact

gatgagctga

ttcggctcca

gaggcgatgt

ttggcttgta

tcgoccgegygc

gttgacggca

tccggagcecy

gatggctgtyg

gcaaaggaat

getgagttgg

cgggtcttga

gtacccgggt

cgaaccactt

<210> SEQ ID NO 20

<211> LENGTH:
<212> TYPE:

3965
DNA

67

acctgcectyga
tcgctgegygce
gtcaatacac
ggcaaactgt
tgctttgggce

acaatgtcct

tcggggattc
tggagcagca
tccgggcegta

atttcgatga

ggactgtcgg
tagaagtact
agtgaggtac
ctgctgccac
ggggtttttt
accgagctca

tgtacaagaa

aaccgaactg

cgatcttagc

tacatggcgt

gatggacgac

cgaggactgc

gacggacaat

ccaatacgag

gacgcgctac

tatgctccgc

tgcagcttgy

gcgtacacaa

cgccgatagt

agcttggatc

cgctgagcaa

gctgaaagga

ctagacgcgy

agctgggtcet

<213> ORGANISM: Artificial sequence
<220> FEATURE:
«223> OTHER INFORMATION: Plasmid, QC690-1

<400> SEQUENCE: 20

gattagtaca

aaaattttaa

ggtccttcat

atttttaaat

tgatcactca

tctcatcggt

Ccttatatcc

aattaaaagt

catttgtgat

ttagttatgt

agcggtagcec

aaatactcca

attaaagctc

caaacatcta

aagaatcaaa

gaaacagaaa

catcacgagt

atctattgca

aataaaaaac

atgataaaca

gtattaataa

ttattcatga

taacaagtat

attgatttta

aactacttta

gatgatcaaa

Ctaataattt

tcacccaaga

tgaatgtgtt

atcatatttt

agaataacct

acaataaaaa

ccacaaaaad

cacaaggcgyg

ggaaagtatg

agaggaaatc

aacagtgttt

Ctattttttt

aagtatatac

ttttcatgta

tggatatttt

atcattttta

gatagtatga

Cttttaaaaa

ataattaaaa

tcattgtttyg

cgtacagtat

tatttcattt

gagagaaaag

dddadadadadaad

tcccgtagga

tgttcatgtt

atgccttggce
CCLtccececta

atatctttaa

agttaatgaa

ttatgagtag

taaaataaaa

tttgtcttga

tagtatgatt

aatataaata

tagacccaaa

ttatttgatyg

agtattagta

dddaddaddd

cgaatggaat

aacggtacac

gtcacgcact
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ccegetgttce

cagacgagcyg

gatttcatat

accgtcagtyg

cccgaagtcec

ggccgcataa

gtcgccaaca

ttcgagcecgga

attggtcttg

gcgcagggtc

atcgcccegcea

ggaaaccgac

gatccggctyg

taactagcat

ggaactatat

tgaaattacc

agatatctcg

ttattagaca

ttggtaactt

atcataagaa

tttgttgtga

ctattaataa

tgatattata

tttgaattta

Ctatttaatc

Ctgttatatt

tattgaaaag

ttctetgaat

Ctcatcaaat

ttatatcctg

aacccaagta

attcgcatat

cgtagtagtc

tcacttggcc

tgcagcocgygt
ggttcggccc
gcgcgattgce
cgtccgtcegce
ggcacctcgt
cagcggtcat
tcttettetg
ggcatccgga
accaactcta
gatgcgacgc
gaagcgcggyc
gccccagceac
ctaacaaagc
aaccccttgy
ccggatgcetce

Ctaattaacac

aaaattaaac

actatcttct
tcatataatt

agtcttttaa

tataacttat

tgtaaccact

tattagtatt

ttatggtttt

tgtgcaacac

gtcatatgca

aaatagacct

atcaaatata

ctcaccaaac

aaattgaaaa

ctgttggcgt

cttggcaaag

catttacctg

8460

8520

8580

8640

8700

8760

8820

8880

8940

5000

5060

9120

9180

0240

9300

9360

9411

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

08



tcattgcggt

acaccgttcc

caattatcaa

attgctcatc

gccatccagce

agctctggec

catgcctcect

ccgggtgacg

cggttcgtaa

ccgaacgcag

ttggggtaca

gtttgatgtt

taaacatcat

gcgtcatcga

tggatggcygy

ttgatgaaac

gagagagcga

cgtggcegtta

ttgcaggtat

caagagaaca

ctgaacagga

actgggctgg

taaccggcaa

cccagtatca

gcttggcctce

ccaaggtagt

acgcgtegtt

CCCCECCLECLcCtE

tttgtttgcc

cgcagatacc

ctgtagcacc

gcgataagtce

ggtcegggcetyg

aactgagata

cggacaggta

gdgyaaacdc

gatttttgtg

ttttacggtt

ctgattectgt

gaacgaccga

CLLttactct

atttctcaac

gggcgaattc

aatttgttgc

tgatatcccc

cgtgtctcaa

ctagaccagc

cacaccgtygyg

gctgtaatgce

cggtggtaac

gtctatgcct

atggagcagc

gagggaagcyg

gcgccatcte

cctgaagcca

aacgcggcga

gattctccgce

tccagctaag

cttcgagcca

tagcgttygcec

tctatttgag

cgatgagcga

aatcgcgccy

gcccgtcata

gcgcgcagat

cggcaaataa

ccactgagcy

gcgcgtaatce

ggatcaagag

aaatactgtc

gcctacatac

gtgtcttacc

aacggggggt

cctacagcegt

tccggtaagce

ctggtatctt

atgctcgtca

cctggecttt

ggataaccgt

gcgcagceday
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tctcaatacc
aacttctgcet
gacccagctt
aacgaacagg
tatagtgagt
aatctctgat
caggacagaa
aaacggatga
aagtagcgta
ggcgcagtgyg
cgggcatcca
aacgatgtta
gtgatcgccyg
gaaccgacgt
cacagtgata
gctttgatca
gctgtagaag
cgcgaactgc
gccacgatcg
ttggtaggtc
gcgctaaatyg
aatgtagtgc
aaggatgtcyg
cttgaagcta
cagttggaag
ccectecgagcec
tcagaccccy
tgctgcttgc
ctaccaactc
cttctagtgt
ctcgectetgc

gggttggact

tcgtgcacac
gagcattgag
ggcagggtcg
tatagtcctg
gy9g99ggcdyggya
tgctggectt

attaccgcct

tcagtgagcy

ttattaaaac

acttcctact

tcttgtacaa

tcactatcag

cgtattacat

gttacattgc

atgcctcegac

aggcacgaac

tgcgctcacy

cggtttteat

agcagcaagc

cgcagcaydy

aagtatcgac

tgctggccgt

ttgatttget

acgacctttt

tcaccattgt

aatttggaga

acattgatct

cagcgdgegga

aaaccttaac

ttacgttgtc

ctgccgactyg

gacaggctta

aatttgtcca

acccatgacc

tagaaaagat

ddacaaddaad

tttttcecgaa

agccgtagtt

taatcctgtt

caagacgata

agcccagcett

aaagcgccac

gaacaggaga

tcgggttteg

gcctatggaa

ttgctcacat

ttgagtgagc

addaagcygda
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cctatctcac

cCaaccygcCcac

agttggcatt

tcaaaataaa

ggtcatagct

acaagataaa

ttcgetgcety

ccagtggaca

caactggtcc

ggcttgttat

gcgttacgcec

cagtcgccct

tcaactatca

acatttgtac

ggttacggtg

ggaaacttcyg

tgtgcacgac

atggcagcgc

ggctatctty

ggaactcttt

gctatggaac

ccgcatttgg

ggcaatggag

tcttggacaa

ctacgtgaaa

aaaatccctt

caaaggatct

accaccgcta

ggtaactggc

aggccaccac

accagtggct

gttaccggat

ggagcgaacyg
gcttcecccgaa

gcgcacgayy

ccacctctga

aaacgccagc

gttctttect

tgataccgct

agagcgccca

Ccactcactc

ttctgctecyg

ataaaaaata

atcattattt

gtttcctggc

aatatatcat

cccaaggttyg

taagcctgtt

agaaccttga

gactgttttt

gtgggtcgat

aaaacaaagt

gaggtagttg

ggctccgcag

accgtaaggce

gcttcococtyg

gacatcattc

aatgacattc

ctgacaaaag

gatccggttc

tcgeecgecey

tacagcgcag

cgcctgecgyg

gaagaagatc

ggcgagatca

aacgtgagtt

tcttgagatc

ccageggtgg

ttcagcagag

Ctcaagaact

gctgccagty

aaggcgcagce

acctacaccyg

ggdagaaagy

gagcttccag

cttgagcgtce

aacgcggcct

gcgttatccc

cgccgceagcec

atacgcaaac

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

70



CgCcCctctcecece

ggaaagcdddy

tagaaacgca

ttatggcggg

tccecggegga

ggcccagtcet
cgttaacgct
agctcgggcec
ttgatgagca

cccett

cgcgegttygy
cagtgagcgc
aaaaggccat
cgtcctgcecc
tttgtcctac
tccgactgag
agcatggatyg
ccaaataatyg

atgctttttt

<210> SEQ ID NO 21

<211> LENGTH:
«212> TYPE:

5286
DNA

71

ccgattcecatt
aacgcaatta
ccgtcaggat
gccaccctcec
tcaggagagc
cctttoegttt
ttttcccagt
aCttttatttt

ataatgccaa

aatgcagctyg

atacgcgtac

ggccttctge

gggccgttgc

gttcaccgac

tatttgatgc

cacgacgttyg

gactgatagt

ctttgtacaa

<213> ORGANISM: Artificial sequence
<220> FEATURE:
223> OTHER INFORMATION: Plasmid, QC330

<400> SEQUENCE: 21

atcaacaagt

attaaattag

gtcatattgg

aatgtgtgga

gagaaaaaaa

tttgaggcat

acggcctttt

attcttgccc

ctggtgatat

ttttcatege

caagatgtgy

atgtttttcg

aatatggaca

aaggtgctga

ggcagaatgc

tctggatccey

ggtataagaa

agcagcgtat

tgtcaatatc

cgaacgctgy

gaacggctct

ataaaagaga

ccgygcdacd

gtgaacttta

ttgtacaaaa

attttgcata

cggccgcatt

ttttgagtta

tcactggata

ttcagtcagt

taaagaccgt

gcctgatgaa

gggatagtgt

tctggagtga

cgtgttacygy

tctcagccaa

acttcttcgc

tgccgetggc

ttaatgaatt

gcttactaaa

tatatactga

tacagtgaca

tccggtetygy

aaagcggaaa

tttgctgacy

gagccgttat

gatggtgatc

ccecggtggtg

aagctgaacyg
aaaaacagac

aggcacccca

ggatccgtcg

taccaccgtt

tgctcaatgt

aaagaaaaat

tgctcatccyg

tcacccttgt

ataccacgac

tgaaaaccty

tcecctgggty

cceogttttc

gattcaggtt

acaacagtac

agccagataa

tatgtatacc

gttgacagcg

taagcacaac

atcaggaagy

adaacadqddy

cgtetgtttyg

ccectggceca

catatcgggy

agaaacgtaa
tacataatac

ggctttacac

agattttcag

gatatatccc
acctataacc

aagcacaagt

gaattccgta

tacaccgttt

gatttccggce

gcctatttcece

agtttcacca

accatgggca

catcatgccyg

tgcgatgagt

cagtatgcgt

cgaagtatgt

acagctatca

catgcagaat

gatggctgag

ctggtgaaat

tggatgtaca

gtgcacgtct

atgaaagctyg

US 9,719,101 B2

-continued

gcacgacagyg
cgctagccag
ttagtttgat
ttcacaacgt
aaacaacaga
ctggcagttc
taaaacgacyg
gacctgttcg

aaaagcaggc

aatgatataa

tgtaaaacac

tttatgectte

gagctaagga

aatggcatcg

agaccgttca

tttatccggce

tggcaatgaa

tccatgagca

agtttctaca

ctaaagggtt

gttttgattt

aatattatac

tttgtgatgg

ggcagyggceyy

atttgcgcgce

caaaaagagyg

gttgctcaag

gaagcccegtc

gtcgccocggt

gcagtttaag

gagtgatatt

gctgtcagat

gcgcatgatyg

tttccegact
gaagagtttyg
gcctggcagt
tcaaatccgce
taaaacgaaa
cctactceteg
gccagtctta
ttgcaacaaa

tccgaatteg

atatcaatat
aacatatcca
cggctcegtat
agctaaaatg
taaagaacat
gctggatatt
cCttattcac
agacggtgag
aactgaaacg
catatattcg
tattgagaat
aaacgtggcc
gcaaggcgac
cttccatgtce
ggcgtaaaga
tgatttttge

tatgctatga

gcatatatga

gtctgcgtgc

ttattgaaat

gtttacacct

attgacacgc

aaagtctccc

accaccgata

3480

3540

3600

3660

3720

3780

3840

3900

3960

3965

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440
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tggccagtgt

atgacatcaa

tacacagcca

gtagtctgtt

tctegttecayg

cctgaaggag

cgtgatcacc

cgtgatcgag

cggygcgaccdy

ccoecgecggc

taacgtggac

cggcgtgaac

cagctgcgag

gtacctgctyg

caagagcgtyg

ggaccgyadgc

cagcgccectyg

tcttaagatt

acgttaagca

tgattagagt

actaggataa

cggcccagcet

gtatgtgtat

ccatatggtyg

aAcCcCcygCcCcaac

gacaagctgt

aacgcgcgag

aaatccctta

gatcttettyg

cgctaccagc

ctggcttcayg

accacttcaa

tggctgctygce

cggataaggc

gaacgaccta

ccdaagdyyadg

cgagggagct

tctgacttga

ccagcaacgc

ttcctgegtt

gccggtctec

aaacgccatt

gtctgcaggt

ttttatgcaa

ctttcttgta

gagatgacca

ggcdaggygcea

ggcggececc

atcttcaccg

tacacctggy

atcaccgtga

ttccecegecy

aagatcatgc

ctgaaggacy

cccagcaaga

gacgccaaga

gcctgagagc

gaatcctgtt

tgtaataatt

ccecgcaatta

attatcgcgce

gatatccatc

gatacataag

cactctcagt

acccgctgac

gaccgtctcc

acgaaagggc

acgtgagttt

agatcctttt

ggtggtttgt

cagagcgcag

gaactctgta

cagtggcgat

gcagcggtcg
caccgaactyg

aaaggcggac

tccaggggga

gcgtegattt

ggccttttta

atcccctgat
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gttatcgggg

aacctgatgt
cgaccatagt
aatctaattt
caaagtggtt
tgaagtacca
tcggctacce
tgcccttecag
agtaccccca
gccggagcett
gcgtgaagga
acggccccgt
ccgtgcectaa
gcggcecggta
tgcccgagtyg
accagaagtg
tcgaatttcc
gccggtcetty
aacatgtaat
tacatttaat
gcggtgtceat
acactggcygyg
gttatgtatt
acaatctgct
gcgcecctgac
gggagctgca
ctcgtgatac
tcgttccact
tttctgcgeg
ttgccggatc
ataccaaata
gcaccgcecta
aagtcgtgtc
ggctgaacdg
agatacctac
aggtatccygg
aacgcctggt
ttgtgatget
cggttcctygg

tctgtggata

aagaagtggc
tctggggaat

gactggatat

aatatattga

gatgggatcc

catggagggc

cttcaagggc

cgaggacatc

ggacatcgtg

cctgttcegag

gaactgcatc

gatgaagaag

gcagggcatc

ccggtgcecag

gcacttcatc

gcagctgacc

ccgatcogttc

cgatgattat

gcatgacgtt

acgcgataga

ctatgttact

ccgctegagt

aattgtagcc

ctgatgccgc

gggcttgtct

tgtgtcagag

gcctattttt

gagcgtcaga

taatctgctyg

aagagctacc

ctgtccttet

catacctcgce

ttaccgggtt

ggggttcgtyg

agcgtgagca

taagcggcag

atctttatag

cgtcaggggy

ccttttgety

accgtattac

US 9,719,101 B2

-continued

tgatctcagc

ataaatgtca

gttgtgtttt

tatttatatc

atggcccaca

tgcgtgaacyg

aagcagacca

ctgagcgccy

gactacttca

gacydgygcyCccd

taccacaaga

atgaccacca

ctgaagggcg

ttcgacaccyg

cagcacaagc

gagcacgcca

aaacatttgg

catataattt

atttatgaga

aaacaaaata

agatcgggaa

tctatagtgt

gcgttctaac

atagttaagc

gctccececggcea

gttttcaccyg

ataggttaat

cccecgtagaa

cttgcaaaca

aactcCcttttt

agtgtagccg

tctgctaatce

ggactcaaga

cacacadgcCccc

ttgagaaagc

ggtcggaaca

tcctgtegygy

gcggagcocta

gcettttget

cgcctttgag

caccgcgaaa
ggctccctta
acagtattat
attttacgtt
gcaagcacgg
gccacaagtt
tcaacctgty
gcttcaagta
agaacagctyg
tgtgcatctyg
gcatcttcaa
actgggaggc
acgtgagcat
tgtacaaggc
tgctgcggga
tcgccttecc
caataaagtt
ctgttgaatt
tgggttttta
tagcgcgcaa
ttctagtggce
cacctaaatc
gacaatatgt
cagccccogac
tccgettaca
tcatcaccga
gtcatgacca
aagatcaaag
aaaaaaccac
ccgaaggtaa
tagttaggcc
ctgttaccag

cgatagttac

agcttggagce

gccacgcttc

gyagadgcdgdca

tttcgccacc

tggaaaaacy

cacatgttct

tgagctgata

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840
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ccgectegecoy

gcccaatacg

gatctcgatc

agaaataatt

gcgacgtctyg

ctctecggagy

ctgcgggtaa

gcatcggccyg

acctattgca

ctgcccegcetyg

agccagacga

cgtgatttca

gacaccgtca

tgccceccgaay

aatggccgca

gaggtcgcca

tacttcgagc

cgcattggtc

tgggcgcagy

caaatcgccc

agtggaaacc

atcgatccgy

caataactag

ggaggaacta

aggttt

cagccgaacyg

caaaccgcct

ccgcgaaatt

ttgtttaact

tcgagaagtt

gcgaagaatc

atagctgcgc

cgctceccecgat

tctcocecegecy

ttctgcagcec

gcgggttegy

tatgcgcgat

gtgcgtcegt

tcecggecaccet

taacagcggt

acatcttctt

ggaggcatcc

ttgaccaact

gtcgatgcga

gcagaagcgc

gacgcccocag

ctgctaacaa

cataaccccect

tatccggaty

<210> SEQ ID NO 22

<211> LENGTH:
<212> TYPERE:

4806
DNA

7S

accgagcgca
ctccecececgege
aatacgactc
ttaagaagga
tctgatcgaa
tcgtgetttc
cgatggtttc
tccggaagtyg
tgcacagggt
ggtcgeggag
cccattcecgga
tgctgatccce
cgcgcaggct
cgtgcacgcg
cattgactygg
ctggaggccg
ggagcttgca
ctatcagagc
cgcaatcgtc
ggccgtcetgg
cactcgtccg
agcccgaaag
tggggcctcet

atcgtcoegagy

gcgagtcagt
gttggccgat
actataggga
gatataccca
aagttcgaca
agcttcgatg
tacaaagatc
cttgacattg
gtcacgttgc
gctatggatyg
ccgcaaggaa
catgtgtatc
ctcgatgagce
gatttcggcet
agcgaggcga
tggttggcett
ggatcgccgc
ttggttgacg
cgatccggag
accgatggcet
agggcaaady
gaagctgagt
aaacgggtct

cctcacgtgt

<213> ORGANISM: Artificial sequence
<220> FEATURE:

223> OTHER INFORMATION: Plasmid, QC690-1Y

<400> SEQUENCE: 22

gattagtaca

aaaattttaa

ggtccttcat

atttttaaat

tgatcactca

tctcatcggt

tcttatatcc

aattaaaadt

catttgtgat

atctattgca

aataaaaaac

atgataaaca

gtattaataa

ttattcatga

taacaagtat

attgatttta

aactacttta

gatgatcaaa

ggaaagtatg

agaggaaatc

aacagtgttt

CCattttttt

aagtatatac

ttttcatgta

tggatatttt

atcattttta

gatagtatga

tgttcatgtt

atgccttggc

CLttccceccecta

atatctttaa

agttaatgaa

ttatgagtag

taaaataaaa

tttgtcttga

tagtatgatt

US 9,719,101 B2

-continued

gagcgaggaa
tcattaatgc
gaccacaacyg
tggaaaagcc
gcgtctceccga
taggagggcy

gttatgttta

gggaattcag

aagacctgcc

cgatcgctgce

tcggtcaata

actggcaaac

tgatgctttyg

ccaacaatgt

tgttcgggga

gtatggagca

ggﬂtﬂﬂgggﬂ

gcaatttcga

ccgggactgt

gtgtagaagt

aatagtgagg

tggctgctgce

tgaggggttt

taacaagctt

ttattagaca

ttggtaactt

atcataagaa

tttgttgtga

ctattaataa

tgatattata

tttgaattta

Ctatttaatc

ctgttatatt

gcggaagagc
aggttgatca
gtttccctet
tgaactcacc
cctgatgcag
tggatatgtc
tcggcacttt
cgagagcctyg
tgaaaccgaa
ggccgatctt
cactacatgyg
tgtgatggac
ggccgaggac
cctgacggac

Ctcccaatac

gcagacgcgc

gtatatgctc

tgatgcagct

cgggcgtaca

actcgceccgat
tacagcttgyg
caccgctgag
tttgctgaaa

gcatgccoctgc

aaaattaaac

actatcttct

tCcatataatt

agtcttttaa

tataacttat

tgtaaccact

tattagtatt

ttatggtttt

tgtgcaacac

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5286

60

120

180

240

300

360

420

480

540
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ttagttatgt

agcggtagec

aaatactcca

attaaagctc

caaacatcta

aagaatcaaa

gaaacagaaa

catcacgagt

tcattgcggt

acaccgttcc

caattatcaa

gcccacagca

gtgaacggcc

cagaccatca

agcgccoggcet

tacttcaaga

ggcgccgtgt

cacaagagca

accaccaact

dadgdycdacd

gacaccgtgt

cacaagctgc

cacgccatcyg

catttggcaa

ataatttctyg

tatgagatgyg

caaaatatag

tcgggaattc

atagtgtcac

Ctctaacgac

gttaagccag

cceggeatcec

Ctcaccgtca

ggttaatgtc

cgtagaaaag

gcaadcadddd

tcttttteceg

gtagccgtag

gctaatcctyg

ctcaagacga

Ctaataattt

tcacccaaga

tgaatgtgtt

atcatatttt

agaataacct

acaataaaaa

ccacaaaaaa

cacaaggcgg

CCLLttactct

atttctcaac

gggcgaattc

agcacggcct

acaagttcgt

acctgtgegt

tcaagtacgyg

acagctgccc

gcatctgtaa

tcttcaacgy

ggdgaggccay

tgagcatgta

acaaggccaa

tgcgggagga

ccttccccag

taaagtttct

ttgaattacyg

gtttttatga

cgcgcaaact

tagtggccgg

ctaaatcgta

aatatgtcca

ccccgacacc

gcttacagac

tcaccgaaac

atgaccaaaa

atcaaaggat

AadadCcCacCycC

aaggtaactyg

ttaggccacc

ttaccagtgy

tagttaccgy
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tLtttaaaaa
ataattaaaa
tcattgtttyg
cgtacagtat
tatttcattt
gagagaaaag
aaaaaaaaaa
tcccgtagga
tctcaatacc
aacttctgcet
gacccagctt
gaaggygaggay
gatcaccggc
gatcgagggc
cgaccggatc
cgccocggcetac
cgtggacatc
cgtgaacttc
ctgcgagaag
cctgetgetyg
gagcgtgccc
ccggagcegac
cgccocctggcec
taagattgaa
ttaagcatgt
ttagagtccc
aggataaatt
cccagctgat
tgtgtatgat
tatggtgcac
cgccaacacc
aagctgtgac
gegcgagacy
tceccttaacy
cttcttgaga
taccagcggt
gcttcagcag
acttcaagaa
ctgctgccag

ataaggcgca

aatataaata

tagacccaaa

ttatttgatg

agtattagta

adaaadadaa

cgaatggaat

aacggtacac

gtcacgcact

ttattaaaac

acttcctact

tcttgtacaa

atgaccatga

gagggcatcg

ggcccectge

ttcaccgagt

acctggggcc
accgtgageyg
ccogeagacy
atcatgcccy
aaggacggcyg
agcaagatgc
gccaagaacc
tgagagctcyg
tcectgttgec

aataattaac

gcaattatac

atcgcgcgey
atccatcaca

acataaggtt

tctcagtaca

cgctgacgcy

cgtctecgygy

aaagggcctc

tgagtttteg

CCCCtCtLtLE

ggtttgtttg

agcgcagata

ctctgtagea

tggcgataag

gcggtegggce

US 9,719,101 B2

-continued

tattgaaaag

ttctcetgaat

ttcatcaaat

ttatatcctg

aacccaagta

attcgcatat

cgtagtagtc

tcacttggcc

cctatctcac

cCcaaccygcac

agtggttgat

agtaccacat

gctacccctt

ccttcagega

acccccagga

ggagcttcct

tgaaggagaa

gccccecgtgat

tgcctaagca

gccggtaccoy

ccgagtggcea

agaagtggca

aatttccccg

ggtcttgcga

atgtaatgca

atttaatacg

gtgtcatcta

Ctggﬂggﬂﬂg

atgtattaat

atctgctctg

ccectgacggy

agctgcatgt

gtgatacgcc

ttccactgag

ctgcgcecgtaa

ccggatcaag

ccaaatactg

ccgcectacat

tcgtgtetta

tgaacggggy

gtcatatgca

aaatagacct

atcaaatata

ctcaccaaac

aaattgaaaa

ctgttggcgt

cttggcaaag

catttacctyg

Ccactcactc

ttctgctecg

gggatccatyg

ggagggctgc

caagggcaag

ggacatcctyg

catcgtggac

gttcgaggac

ctgcatctac

gaagaagatyg

gggcatccty

gtgccagttc

cCttcatccag

gctgaccgag

atcgttcaaa

tgattatcat

tgacgttatt

cgatagaaaa

tgttactaga

ctcgagttcet

tgtagccgcyg

atgccgcata

cttgtctget

gtcagaggtt

Catttttata

cgtcagaccc

tctgctgett

agctaccaac

tccttetagt

acctcgcetct

ccgggttgga

gttcgtgcac

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

78



acagcccagc

agaaagcgcc

cggaacagga

tgtcgggttt

gagcctatgg

ttttgctcac

ctttgagtga

cgaggaagcy

ttaatgcagy

cacaacggtt

aaaagcctga

tctccgacct

gagggcgtgg

atgtttatcg

aattcagcga

acctgcctga

tcgectgeggc

gtcaatacac

ggcaaactgt

tgctttgggc

acaatgtcct

tcggggattc
tggagcagca
tccgggegta

atttcgatga

ggactgtcgy
tagaagtact
agtgaggtac
ctgctgccac
ggggtttttt
caagcttgca

gcectt

ttggagcgaa

acgcttccceyg

gagcgcacga

cgccacctct

ddadaacydcCccda

atgttctttc

gctgataccy

gaagagcgcc

ttgatcagat

tccctctaga

actcaccygcyg

gatgcagctc

atatgtcctg

gcactttgca

gagcctgacc

aaccgaactyg

cgatcttagc

tacatggcgt

gatggacgac

cgaggactgc

gacggacaat

ccaatacgag

gacgcgctac

tatgctccgc

tgcagcttgy

gcgtacacaa

cgccgatagt

agcttggatc

cgctgagcaa

gctgaaagga

tgcctgcagy

<210> SEQ ID NO 23
<211> LENGTH: 22

<212> TYPERE:

DNA

79

cgacctacac

aagggagaaa
gggagcttcc
gacttgagcyg
gcaacgcggc
ctgcgttatc
ctcgcogcag
caatacgcaa
ctcgatccceyg
aataattttyg
acgtctgtcyg
tcggagggcg
cgggtaaata
tcggeaegogc
tattgcatct
ccegetgttc
cagacgagcyg
gatttcatat
accgtcagtyg
cccgaagtcec
ggccgcataa
gtcgccaaca
ttcgagcgga
attggtcttg
gcgcagggtce
atcgccecgcea
ggaaaccgac
gatccggcetyg
taactagcat
ggaactatat

tttatcaaca

cgaactgaga

ggcggacagy

agdgdggyaaac

tcgatttttyg

ctttttacgg

ccectgattet

ccgaacgacc

accgcctctc

cgaaattaat

Cttaacttta

agaagtttct

aagaatctcyg

gctgcgccga

tcececgattcee

ccegeaegtgc

tgcagccggt

ggttcggccc

gcgcgattgce

cgtccgtegc

ggcacctcgt

cagcggtcat

tcttettety

ggcatccgga

accaactcta

gatgcgacgc

gJaagcgcedygce

gccccagcac

ctaacaaagc

aaccccecttgyg

ccggatgatc

agtttgtaca

<213> ORGANISM: Artificial sequence
<220> FEATURE:

«223> OTHER INFORMATION:

<400> SEQUENCE: 23

aggcttgttg tgcagttttt ga

<210> SEQ ID NO 24

US 9,719,101 B2
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tacctacagc

tatccggtaa

gcctggtatc

tgatgctcgt

ttcctggect

gtggataacc

gagcgcagced

ccegegegtt

acgactcact

agaaggagat

gatcgaaaag

tgctttcage

tggtttctac

ggaagtgctt

acagggtgtc

cgceggagget

attcggaccyg

tgatccccat

gcaggctctc

gcacgcggat

tgactggagc

gaggccgtgyg

gcttgcagga

tcagagcttg

aatcgtccga

cgtctggacce

tcgtceccgagy

ccgaaaggaa

ggcctctaaa

gtcgaggcct

aaaaagcagyg

SAMS forward primer SAMS-76F

gtgagcattyg

gcggcagggt

tttatagtcc

Caggyggddygcd

tttgctggcc

gtattaccgc

agtcagtgag

ggccgattca

atagggagac

atacccatgg

ttcgacagcyg

ttcgatgtag

aaagatcgtt

gacattgggg

acgttgcaag

atggatgcga

caaggaatcg

gtgtatcact

gatgagctga

ttcggctceca

gaggcgatgt

ttggcttgta

tcgccgeggce

gttgacggca

tccggagecy

gatggctgtg

gcaaaggaat

gctgagttgg

cgggtcttga

cacgtgttaa

ctccgaattc

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4806

22

80
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-continued

<211l> LENGTH: 22
<212> TYPE: DHNA
<213> ORGANISM: Artificial sequence

<220> FEATURE:
<223> OTHER INFORMATION: FAM labeled ALS probe ALS-100T

<400> SEQUENCE: 24

ccacacaaca caatggcggce ca

«210> SEQ ID NO 25

<211> LENGTH: 22

«212> TYPE: DNA

<213> ORGANISM: Artificial sequence

«220> FEATURE:

<223> OTHER INFORMATION: ALS reverse primer ALS-163R

<400> SEQUENCE: 25

ggaagaagag aatcgggtgg tt

<210> SEQ ID NO 26

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: GFP forward primer GFP-24F

<400> SEQUENCE: 26

gaccaaggag atgaccatga agta

<210> SEQ ID NO 27

<211> LENGTH: 14

<212> TYPE: DHNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: FAM labeled GFP probe GFP-51T

<400> SEQUENCE: 27

catggagggc tgﬂg

«<210> SEQ ID NO 28

«211> LENGTH: 20

«212> TYPE: DNA

<213> ORGANISM: Artificial sequence

«220> FEATURE:

223> OTHER INFORMATION: GFP reverse primer GFP-92R

<400> SEQUENCE: 28

ccggtgatca cgaacttgtg

<210> SEQ ID NO 29

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: HSP forward primer HSP-F1

<400> SEQUENCE: 29

caaacttgac aaagccacaa ctct

<210> SEQ ID NO 30

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: VIC labeled HSP probe HSP probe

<400> SEQUENCE: 30

22

22

24

14

20

24

32
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-continued

Cctctcatcte atataaatac

«210> SEQ ID NO 31

<211> LENGTH: 21

«212> TYPE: DNA

<213> ORGANISM: Artificial sequence

«220> FEATURE:

<223> OTHER INFORMATION: HSP reverse primer HSP-R1

<400> SEQUENCE: 31

ggagaaattg gtgtcgtgga a

<210> SEQ ID NO 32

<211> LENGTH: 100

<212> TYPE: DHNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: ATTL1

<400> SEQUENCE: 32

caaataatga ttttattttg actgatagtg acctgttcgt tgcaacaaat tgataagcaa
tgctttttta taatgccaac tttgtacaaa aaagcaggct

<210> SEQ ID NO 33

<211> LENGTH: 100

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223>» OTHER INFORMATION: ATTLZ2

<400> SEQUENCE: 33

caaataatga ttttattttg actgatagtg acctgttcgt tgcaacaaat tgataagcaa
tgctttctta taatgccaac tttgtacaag aaagctgggt

<210> SEQ ID NO 34

<211l> LENGTH: 125

<212> TYPE: DHNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: ATTRI1

<400> SEQUENCE: 34
acaagtttgt acaaaaaagc tgaacgagaa acgtaaaatg atataaatat caatatatta
aattagattt tgcataaaaa acagactaca taatactgta aaacacaaca tatccagtca

ctatg

<210> SEQ ID NO 35

<211> LENGTH: 125

<212> TYPE: DHNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: ATTRZ2

<400> SEQUENCE: 35

accactttgt acaagaaagc tgaacgagaa acgtaaaatg atataaatat caatatatta
aattagattt tgcataaaaa acagactaca taatactgta aaacacaaca tatccagtca
ctatg

<210> SEQ ID NO 36

<211> LENGTH: 21
«212> TYPE: DNA

20

21

60

100

60

100

60

120

125

60

120

125

34
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<213> ORGANISM: Artificial sequence
<220> FEATURE:
<«223> OTHER INFORMATION: ATTB1

<400> SEQUENCE: 36

caagtttgta caaaaaagca g

<210> SEQ ID NO 37
<211> LENGTH: 21

«212> TYPE:

DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: ATTBZ

<400> SEQUENCE: 37

ccactttgta caagaaagct g

<210> SEQ ID NO 38

<211> LENGTH:
<212> TYPE:

1489
DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 38

ggttccattt

tatcatgggc

cagagtggct

caccgattac

cgatgtcacc

tggacacaga

gtccaccgga

gaaggttatt

gcacgagtac

tgccccactt

tgttcattcc

aggtggaaga

tgggaaagtc

cgtggatgtc

aattaaaaat

tgaagatgat

aaaggctgga

gtggggatac

aggtgttact

atttagtgtc

tggtgttact

gaggggdgatc

ctaatgtact

gttctegtat

tgtgcttatt

ctcaacaact

aaggtcaaga

ctgcagagag

atgacataca

gttaaggacg

aaccctgaag

gttttcaccy

atttctgccc

aagccagagc

gccaaggtta

atcaccgcta

gctgcttcat

ctccecctgett

tctgttgtty

gctatcaagyg

gtggtctcca

attgcattga

agctcacgty

tcaaagtagc

ttgctcecgagc

tgttggagga

gagtttttygg

tgttattgat

atttgatcct

ttagtccgta

tctgeotactt

tcggaatcaa

acgatgttga

tgtttaaata

agaagaccct

agatcccaty

ataaggacaa

ccagtaagga

ttgatattat

tcaatgacag

cccagaagac

ttaacatcat

tgaatggaaa

acctcacagt

aggaatcaga

ctgactttat

ataagaactt

tcattgatcet

ttgtcttcac

aaaaaatgayg

gcattagctc

atttttatat

tgttatagta

gtttgctttyg

Cttaaattaa

cctactccaa

cggatttgga

actcgttgcec

cgacagtgtt

tctetteggt

ggggtcaact

ggccgcocgcea

tgccccecatyg

ttccaatgcet

gtttggcatt

tgttgatgga

tcctagcagc

attgactggt

gaggctggag

gggcaagttg

cggcgatagce

tgtgaagctt

tcttgtattce

attattaccy

aggtctgaat

ttttttggac

actcgctgat

gatatttgtc

aatcatggat

catttttggc

US 9,719,101 B2

-continued

ccgcacttct

agaattggcc

gttaacgacc

catggacact

gacaagccag

ggagctgaca

catttgaagyg

tttgttgttg

agctgcacaa

gttgagggtt

ccatcagcca

actggagctg

atggcattcc

aaagaagctt

aagggaattc

agatcaagta

gtttecttggt

gttgccaaga

tatgtttatg

aaatcggttt

ttttgatgtt

gtacttggct

cgtccttttt

tcgtggttta

ttttagttc

gttccgcaat

gtttggtagc

ctttcatcac

ggaagcatca

Ccactatttt

tcattgttga

gtggtgcaaa

gtgtcaacga

ccaactgcct

tgatgaccac

aggactggag

ccaaggctgt

gtgttcccac

cctacgatga

ttggttacac

tttttgatgce

acgacaacga

agtctcettta

tttagctgcy

ctgaaaccag

ttctettgty

tgaatacttg

ttcatttgtg

aacattttctcc

21

21

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

960

1020

1080

1140

1200

1260

1320

1380

1440

14895

86



<210> SEQ ID NO 39

<211> LENGTH:
«212> TYPE:

1471
DNA

87

<213> ORGANISM: Glycine max

<400> SEQUENCE:

atcctccteg
cgttacacac
ggtaaattat
aaggaataag
gtgatttttt
agtatgaata
tagacaaaaa
taacttacta
taagaatcat
ttgtgaagtc
taataatata
attatatgta
aatttatatt
ttaatcttat
tatatttgtg
gaaaaggtca
ctgaataaat
tcaaatatca
atcctgctca
ccaagtaaaa
cgcatatctg
gtagtagtcc
cacttggccce
ctatctcact
caaccgcact
<210>
<211>
<212>

<213>

<400>

SEQUENCE :

39

ctcoctttgty

ttacaaaata

gataatgaca

aagttagctt

aagatatgaa

ggataggatt

ttaaacaaaa

tcttetggtce

ataattattt

ttttaatgat

acttattctc

accacttctt

agtattaatt

ggttttcatt

caacacttag

tatgcaagcy

agacctaaat

aatataatta

ctaaaccaaa

ttgaaaaaag

ttggcgtgaa

ttggcaaagc

atttacctgt

cactcactca

tctgctecgc

SEQ ID NO 40
LENGTH:
TYPE :

ORGANISM: Glycine max

83
DNA

40

atttctcatt

taagtatttc

CCLLtaatttt

Ctataatttt

aaactaaatt

agtacaatct

Ctttaaaata

cttcatatga

ttaaatgtat

cactcattcat

atcggttaac

atatccattyg

aaaagtaact

tgtgatgatyg

ttatgtttaa

gtagcctcac

actccatgaa

aagctcatca

catctaagaa

aatcaaaaca

acadgaaacca

atcacgagtc

cattgcggtc

caccgttcca

aattatcatyg

agaaaataga

actcaatttt

agtacatgaa

atgataatat

catgtttttt

attgcaggaa

aaaaacagag

Caaacaaaca

taataactat

tcatgaaagt

aagtattttt

attttatgga

actttaatca

atcaaagata

CaattCttttt

ccaagaataa

tgtgtttcat

tattctegta

taaccttatt

ataaaaagag

caadaadadadaad

acaaggcggt

CtLtactctt

CCttctcaaca

J

US 9,719,101 B2

-continued

atctagaaac

tgacaagttg

tgagttaatg

taataataat

ttcccaaata

agtatgtgtt

gaaatcatgc

gtgttttttt

CCLtttatat

atatacagtt

catgtattat

tatttttaaa

CCLttatttyg

gtatgatagt

taaaaaaata

ttaaaataga

tgtttgttat

cagtatagta

tcatttagaa

agaaaagcga

ddaadadaddadadad

ccecgtaggag

ctcaatacct

acttctgcta

tataggatag

Ctattttttc

Ctaaaaatat

aataataata

actgctaatt

catgttttat

cttggcttygyg

ccoctaatca

ctttaatttg

aatgaactat

gagtagtgat

ataaaatttg

tcttgattat

atgattttgt

Caaatatatt

cccaaattct

ttgatgttca

ttagtattat

dddadaadaac

atggaatatt

acggtacagc

tcacgcactt

tattaaaacc

cttcctactce

ctcactcact cactcacacc gctceccatttc tcaacaactt ctgctacttc ctactccaac

cgcacttctg ctceccgcaatt atc

What 1s claimed 1s:
1. A recombinant DNA construct comprising:
(a) a nucleotide sequence comprising any one of the

sequences set forth in SEQ ID NO:1, S.

60

FQ 1D NO:2,

SEQ ID NO:3, SEQ ID NO:4, SEQ 1D NO:5, SEQ ID

NO:6, S.

= 1D NO:39; or,

65

(b) a nucleotide sequence having at least 98% identity,
based on the Clustal V method of alignment with

88

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
560

1020
1080
1140
1200
1260
1320
1380
1440

14771

60

83

pairwise alignment default parameters (KTUPLE=2,

GAP P

ENALTY=5, WINDOW=4 and DIAGONALS

SAVED=4), when compared to the sequence set forth
in SEQ 1D NO:1,

operably linked to at least one heterologous sequence,

wherein said nucleotide sequence i1s a constitutive

promoter.
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2. A vector comprising the recombinant DNA construct of
claim 1.

3. A cell comprising the recombinant DNA construct of
claim 1.

4. The cell of claim 3, wherein the cell 1s a plant cell.

5. A transgenic plant having stably incorporated into its
genome the recombinant DNA construct of claim 1.

6. The transgenic plant of claim 5 wherein said plant 1s a
dicot plant.

7. The transgenic plant of claim 6 wherein the plant 1s
soybean.

8. A transgenic seed produced by the transgenic plant of
claim 6, wherein the transgenic seed comprises the recom-
binant DNA construct.

9. The recombinant DNA construct of claim 1 wherein the
at least one heterologous sequence codes for a gene selected
from the group consisting of: a reporter gene, a selection
marker, a disease resistance conferring gene, a herbicide
resistance conferring gene, an insect resistance conferring,
gene; a gene involved in carbohydrate metabolism, a gene
involved 1n fatty acid metabolism, a gene involved 1n amino
acid metabolism, a gene mnvolved 1n plant development, a
gene involved in plant growth regulation, a gene mvolved 1n
yield improvement, a gene involved 1n drought resistance, a
gene mmvolved 1n cold resistance, a gene mvolved in heat
resistance and a gene involved 1n salt resistance 1n plants.

10. The recombinant DNA construct of claim 1, wherein
the at least one heterologous sequence encodes a protein
selected from the group consisting of: a reporter protein, a
selection marker, a protein conferring disease resistance, a
protein conferring herbicide resistance, a protein conferring
insect resistance; a protein imvolved 1n carbohydrate metabo-
lism, protein involved 1n fatty acid metabolism, a protein
involved 1n amino acid metabolism, a protein mvolved 1n
plant development, a protein involved 1n plant growth regu-
lation, a protein involved in yield improvement, protein
involved 1n drought resistance, a protein mvolved i cold
resistance, a protein mvolved in heat resistance and a protein
involved 1n salt resistance 1n plants.

11. A method of expressing a coding sequence or a
functional RNA 1n a plant comprising:

a) itroducing the recombinant DNA construct of claim 1
into the plant, wherein the at least one heterologous
sequence comprises the coding sequence or encodes the
functional RNA;

b) growing the plant of step a); and

¢) wherein said plant that expresses the coding sequence
or the functional RNA 1s selected.

12. A method of transgenically altering a marketable plant

trait of a plant, comprising;:

a) mtroducing a recombinant DNA construct of claim 1
into the plant, wherein expression of said recombinant
DNA construct alters said marketable plant trait;

5
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b) growing a fertile, mature plant resulting from step a);
and

¢) selecting a plant from step b) comprising said altered
marketable trait.

13. The method of claim 12 wherein the marketable trait
1s selected from the group consisting of: disease resistance,
herbicide resistance, mnsect resistance carbohydrate metabo-
lism, fatty acid metabolism, amino acid metabolism, plant
development, plant growth regulation, yield improvement,
drought resistance, cold resistance, heat resistance, and salt
resistance.

14. A method for altering expression of at least one
heterologous sequence 1n a plant comprising:

(a) transforming a plant cell with the recombinant DNA
construct of claim 1;

(b) growing fertile mature plants from transformed plant
cell of step (a); and

(¢) selecting a plant contaiming the transformed plant cell
wherein the expression of the at least one heterologous
sequence comprised 1n the recombinant DNA construct
of claim 1 1s increased or decreased in said plant cell
when compared to a corresponding non-transformed
plant.

15. The method of claim 14 wherein the plant 1s a soybean
plant.

16. A method for expressing a green fluorescent protein in
a host cell comprising:

(a) transforming a host cell with the recombinant DNA
construct of claim 1, wherein the at least one heterolo-
gous sequence comprised in the recombinant DNA
construct of claim 1 encodes for said green fluorescent
protein; and,

(b) growing the transformed host cell under conditions
that are suitable for expression of the recombinant
DNA construct, wherein expression of the recombinant
DNA construct results in production of increased levels
of green fluorescent protein 1n the transformed host cell
when compared to a corresponding non-transformed
host cell.

17. A plant stably transformed with a recombinant DNA
construct comprising a soybean constitutive promoter and a
heterologous nucleic acid fragment operably linked to said
constitutive promoter, wherein said constitutive promoter
controls the expression of said heterologous nucleic acid
fragment 1n a plant cell, and further wherein said constitutive
promoter comprises the sequence selected from the group
consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3,
SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, and SEQ ID
NO:39.
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